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Hail damage reduces yields of many acres of cropland in 
Iowa and the United States each year. In some cropping regions, 
purchase of crop hail insurance is as important as proper fer­
tilization and other management practices. Farmers purchase 
crop hail insurance to protect their investments against 
possible hail losses. They demand accurate adjustment and 
settlement of any losses which occur. Companies which provide 
crop hail insurance also must protect their investments by 
continually striving to determine more accurate and efficient 
methods for evaluating the effects of hail damage. 
Crop hail insurance is a big business. In I969 the Crop 
Hail Insurance Actuarial Association^ indicated that total 
liabilities of reporting companies was $31,000,000,000 in the 
United States. Premiums collected amounted to $124,000,000, 
while actual losses paid were $78,964,220. Iowa leads the 
nation in crop hail insurance coverage with liabilities of 
$640,000,000 during I969. 
The crop hail insurance business, like farming and other 
facets of agriculture, is strongly influenced by variation in 
weather conditions—namely, the number and severity of hall-
storms. Their efforts are further hampered by the complexity 
of hail damage and the infestations of diseases and pests which 
^Data courtesy of W, Classen, Rain and Hail Insurance 
Company, Des Moines, Iowa (personal communication). 
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occur after hall Injury, Research information is the primary 
"basis for evaluation of hail losses. 
My thesis is designed to evaluate the effects of three 
components of hail Injury—stand reduction, stem cut-off and 
defoliation—on soybeans. Treatments simulating these com­
ponents of hail injury were applied in two separate experi­
ments. 
Experiment I was designed to evaluate the influence of 
stand reduction and stem cut-off on two varieties grown in wide 
(102 cm) and narrow (5I cm) row spacings. Two varieties that 
had been shown to differ in row spacing responses were chosen 
as experimental material to evaluate the influence of row spac­
ing, variety and the row spacing x variety interaction with the 
simulated hail treatments. Treatments were imposed at three 
stages of development to measure the relationship between time 
of injury and recoverabillty of soybean varieties produced in 
wide and narrow rows. 
Experiment II was designed to measure the relationship 
between the extent of vegetative development at a given repro­
ductive stage and the response to defoliation and stem cut-off. 
Varieties which differed in maturity, stem termination and 
canopy type were planted at two dates, early and late, to in­
crease variation in vegetative development at a given repro­
ductive stage. The importance of vegetative versus reproduc­
tive development at treatment was evaluated. 
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LITERATURE REVIEW 
Hail damage to crops is a frequent occurrence in many 
crop production regions of the United States, Early hail 
studies, conducted to evaluate losses from hail, involved 
beating, whipping or otherwise mutilating plants in an attempt 
to imitate actual hail damage, Eldredge (14) reviewed numer­
ous early hail experiments and presented results of a five-
year study with com» He concluded yield loss from hail was 
highly dependent on the type and severity of injury, stage of 
plant development when Injured, and quality of production 
practices following injury. 
Other early researchers, (13, l4, l6, 29, 5^) found eval­
uation of hail damage was best accomplished by examining 
components of injury rather than attempting to imitate a hail­
storm, Weber (^6) classified components of soybean hail 
injury as defoliation, stand reduction, bruising, breakage, 
topping and shattering. Past investigations have suggested 
components should be studied individually and in combination 
to gain information on the relative contribution of each com­
ponent and still allow assessment of total damage. 
Stand Reduction 
The only stand reduction study with soybeans reported to 
date was by Kalton et al, (27)» Stands of 'Richland' were 
altered from 12 plants per 30 cm of row by cutting off 25, 
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50, and 75 percent of the plants at ground level and at half 
height. Treatments were inflicted at five stages of plant 
development throughout the growing season. Yields of 
treated plots decreased progressively as stage of development 
advanced. Largest yield losses were recorded at stage 9i the 
"green bean" stage of development, for 25 and 50 percent 
ground-level cut-off. Soybeans that were cut-off at half 
height and at ground level responded similarly prior to 
blooming, but after blooming larger yield losses were noted 
for ground level cut-off. The authors suggested that branching 
of the remaining plants increased yields per plant and helped 
maintain yield per plot at a level approaching the check 
yields. Plant height and maturity were not altered appre­
ciably by stand reduction; however, a decrease in lodging was 
observed for treatments imposed during early stages of devel­
opment because remaining plants were slightly shorter and 
had thicker stems. 
The effects of stand reduction at early stages of plant 
development have been measured indirectly by many plant popu­
lation experiments. Stand reduction of soybeans results from 
cut-off of plants below the cotyledons; thus, axillary buds 
are removed and the plant is unable to produce new branches 
and dies. Removal of plants by hail or other means, prior to 
establishment of interplant competition regimes, corresponds 
with lowered plant densities, 
A population control method utilized by many researchers 
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that results in stand reduction consists of overplanting and 
thinning to a desired plant density, Hallauer and Sears (18) 
conducted a four-year thinning experiment by overplanting and 
later reducing plant populations of com to 39,000 plants/ha. 
They thinned plots at the 2 to 3# 5 to 8 and 9 to 11 leaf 
stages. They reported only small yield differences existed 
between thinned and control plots that were planted at 39,000 
plants/ha, provided thinning was accomplished at the early, 
2 to 3 leaf, stage of development. Their results indicated 
thinning was justified for improving stand uniformity, but 
that thinning at the later, 9 to 11 leaf, stages did signifi­
cantly affect grain yield. No differences were noted between 
genotypes in response to thinning at early stages. Pendleton 
and Dungan (37) concluded from their thinning study that yield 
loss from thinning com increased as the number and size of 
plants removed increased. 
Stand reduction of soybeans by hail results in variation 
for number and distribution of plants. The remainder of my 
stand reduction discussion will be devoted to examination of 
some of the pertinent research that has included evaluation 
of plant population and row spacing effects. I will include 
studies which evaluated the influence of genotype, environ­
ment or both in response of soybeans to variation in number 
and distribution of plants in a crop community. 
Wiggans (55) studied several planting rates and row 
spacings of soybeans and concluded that the optimum plant 
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population varies for different varieties and row spacings and 
is influenced by the production environment. Plant type and 
maturity were shown to be Important criteria in varietal re­
sponse to population density and row spacing. Large growing, 
late maturing varieties were hypothesized to require more area 
per plant to produce a given yield than earlier, smaller plant 
types. 
Later work by Probst (38) and Lehman and Lambert (30) 
substantiated that varieties had characteristic spacing re­
sponses and that these responses were conditioned by environ­
ment, Lehman and Lambert (30) used an early and a late variety 
to examine effects of plant spacing between and within rows on 
yield and yield components. They found effects on yield of 
plant spacing within the rows varied between varieties, and 
that variety responses varied over the locations studied. 
Yield of narrow rows (51 cm) tended to be higher than wider 
rows (102 cm) for both varieties. Seed size results were in­
conclusive, with larger seeds reported for 102 cm rows at one 
location and from 51 cm rows at the other, Probst (38) found 
that spacing within the row had little Influence on seed size, 
but his work Indicated a tendency for production of larger 
and fewer seeds per plant as plant spacing within the row de­
creased, 
Weber et al, (51) and Shlbles and Weber (44) reported that 
high plant populations and narrow row spacings had the largest 
dry weight accumulation and most rapid attainment of high 
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leaf area indices (LAI). However, maximum seed yield occurred 
at less that maximum LAI and with lower plant populations and 
narrow row spacings. Higher plant densities resulted In re­
duced seed number per plant, taller plants, higher lodging 
scores and less branching. Severe competition between plants 
was suggested as the principal factor involved in these re­
sults. Hinson and Hanson (21) reported observations for 
plant height and lodging which corresponded with results ob­
served by Shibles and Weber (44). They also found significant 
genotype x spacing interactions for most traits studied. 
Hicks et al, (20) studied two sets of four Isogenic lines, 
differing in morphology, under several planting patterns. 
Previous work (40) and (42) had shown soybean canopies inter­
cept a large proportion of light in their outer periphery. 
Thus, plant and leaflet type was suspected to influence the 
responses observed from alteration of the planting pattern by 
population and row spacing. Plant types studied included short 
determinate (dt^), tall determinate (Dtg), narrow leaflet (na) 
and normal leaflet (Na) in 'Harosoy' and 'Clark* genetic 
backgrounds. A larger LAI was attained earlier in the season 
and greater light penetration into the canopy was observed for 
narrow (25 cm) rows than for wide (76 cm) rows. However, row 
spacing and seeding rate did not affect seed yield for the 
various plant types. The Dt2 types yielded 4,6 percent more 
than the normal, but other types were not different from the 
normal. Seed yield per plant decreased as plant population 
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increased for all plant types grown in narrow rows. 
Many researchers (30, 36, 38, 44 and 51) have reported 
that plants grown in narrow rows have a tendency to be taller 
and lodge more, particularly at high plant densities. Hail 
damage at pod formation and seed filling stages generally 
increases lodging due to plant breakage. Serious yield losses 
may result from hail received at these stages of development 
and could be associated with more lodging. Recently, Cooper 
(8) reported close plant arrangement and high plant popula­
tions may have reduced yields due to excessive early lodging. 
Three plant populations at each of two row spacings (17.5 and 
51 cm) were studied under highly fertile conditions. Yields 
decreased as plant population increased above 6 plants per 30 
cm of row in the $1 cm row spacing. Cooper concluded lodging, 
which began during early pod set, was the primary contributor 
to yield losses at the higher plant populations. 
According to Pendleton (35) standard recommended seeding 
rates of 10-12 seeds per 30 cm row in 102 cm row spacings have 
evolved primarily to (1) combat soil crusting during emer­
gence and (2) allow for low germination percentages, rotary 
hoe damage and other environmental hazards which reduce 
stands during the season. He suggested that optimum plant 
arrangement and density are directly dependent on plant size 
and maturity. He did not fee] lodging, which would be antici­
pated under high fertility, would influence seeding rate. 
Release of higher yielding new varieties with poorer lodging 
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resistance was offered as an argument against the importance 
of lodging in seeding rate considerations. 
Cartter and Hartwig (6) summarized literature on plant 
spacing within the row and concluded that seeding rates within 
the range 19.7 to 39»^ seed per meter of row (6-12 seeds per 
foot) was satisfactory for 1 m rows in all soybean producing 
areas of the United States. Johnson and Harris (23) found 
seeding rates that were higher than 26.6 plants per meter of 
row gave no further yield increases in 1 m rows of varieties 
representing maturity groups V through VIII. They concluded 
that variation in optimum plant populations in their experiment 
was due to differences in soil fertility and rainfall distribu­
tion, since testing sites were different each year. 
Several reports (30, 38, 55) have shown that the genotype, 
environment and plant arrangement may all influence yield re­
sponses observed separately and as interactions. Donovan et al. 
(11) concluded after testing five spacings between rows and 
three plant spacings within the row that the largest spacing 
between plants in narrow rows (17.5 cm) gave highest yields. 
However, they declined to make firm management recommendations 
based on their results due to a variety x environment inter­
action. 
A variety x environment interaction has not been previously 
evaluated for stand reduction from hail. It is conceivable 
that not all genotypes have similar capacity to recover from 
injury and that differences for recoverability may be both 
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inherent and a function of the environmento Many reports 
(6, 11, 23» 30) have shown that optimum plant population 
and arrangement is dependent upon the genotype grown and the 
production environment. The effects on yield and agronomic 
performance attributable to reduced stand by hail also would 
be expected to be influenced by these variables. 
Defoliation and Stem Cut-off 
The effects of simulated hail defoliation have been 
studied for several crops. Early defoliation studies with 
com by Camery and Weber (5) and Kiesselbach and Lyness 
(28) indicated yield loss from defoliation is proportional to 
the leaf area removed and is largest when 100 percent of the 
leaf area is removed at tasseling, Kiesselbach and Lyness 
(28) and Schmidt and Colville (4l) showed removal of leaves 
above the ear produced larger grain yield losses than did 
removal of lower leaves. 
Hanway (19) imposed 50 and 100 percent defoliation on 
three com hybrids differing in maturity and grown at three 
plant densities. He found yield losses resulted from a re­
duced rate of dry matter accumulation in the grain during its 
formation. Yield reductions were largest for the early matur­
ing hybrid and were related to stage of development when de­
foliated for all hybrids. Yield losses from defoliation were 
not affected by differences in plant density, 
Laude and Paule (29) reported grain yield of winter wheat 
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was reduced 21 percent when all leaves were removed 30 to 40 
days before heading. Complete defoliation three weeks before 
heading reduced grain yield in approximate proportion to the 
amount of leaf area removed. In Arkansas, Womack and Thurman 
(56) found winter wheat was most critically damaged by defolia­
tion one week before the boot stage. They reported that re­
moval of more than 10 percent of the leaf area during the boot 
stage resulted in significant grain yield losses. In the same 
experiment, stage of plant development at treatment had only 
small effects on yield of oats. They concluded yield losses 
in oats and wheat were primarily due to smaller and fewer seeds 
produced, although lower seed weights did not always produce 
lower yields. 
Kalton et al. (2?) reviewed early defoliation studies 
with soybeans and reported yield and agronomic performance 
data from five percentages of defoliation imposed at five 
stages of plant development. The stage of development de­
scriptions utilized by Kalton et al. (2?) and other early 
hail researchers (5» 46, 49) were as follows: 
"Stage 1 - First trifoliolate leaf unrolled, second tri-
foliolate leaf in bud stage of unrolling. 
Stage 3 - Five to six trifoliolate leaves unrolled. One 
to five percent of the plants flowering. 
Stage 5 - Nine to ten trifoliolate leaves unrolled. More 
stem branching evident. Full bloom stage with 
withered flowers in lower leaf axils. 
Stage 7 - Pods plainly evident in tops of plants. Lower 
pods nearly full length with beans developing 
in them. Flowering ceased. 
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Stage 9 - Bottom leaves on plant beginning to yellow. 
Top pods almost fully developed and containing 
beans approaching "green bean" stage." 
Kalton et al, (27) found defoliation of 10 to 75 percent before 
blooming resulted in only small yield losses, whereas removal 
of all leaves decreased yield 22 percent. Largest yield losses 
were observed for 100 percent defoliation imposed when seeds 
were beginning to develop in lower pods (Stage 7)» Maturity 
was delayed 4 to ^ days when soybeans were treated with 100 
percent defoliation before blooming, but was hastened by a 
similar number of days for 75 to 100 percent defoliation when 
plants reached stage 9, Significantly shorter plants resulted 
from defoliation at full bloom. Seed size and oil percentage 
were decreased by defoliation during seed development periods, 
but protein percentage was not affected. 
Camery and Weber (5) studied three percentages of defolia­
tion (0, 50» and 100 percent) in all possible combinations 
with five percentages of stem breakage at half height (0, 25, 
50, 75» and 100 percent). They found defoliation reduced 
yield more than stem breakage and that defoliation effects 
tended to mask those of breakage. Treatments imposed during 
vegetative stages of development were least detrimental to 
yield. Seed size was decreased for treatments imposed at 
Stage 7 and Stage 9, They reported that oil percentage was 
lowered 1-2 percent by defoliation at all stages of development, 
whereas protein content of the seed increased slightly for 
plants defoliated before flowering, but decreased 1 percent 
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for defoliation at Stage 7« Their data indicated maturity-
was delayed up to 9 days by 100 percent defoliation before 
flowering, and was hastened by only 2 to 3 days for defolia­
tion during seed filling. Although their results are not in 
agreement on the number of days involved, Kalton et al, (27), 
Camery and Weber (5) and Weber (46) have all indicated maturity 
is delayed by defoliation during vegetative development, but 
hastened when imposed after flowering. 
Weber (46) studied five percentages of topping (0, 25, 
50, 75 and 100 percent) of soybeans, imposed with 0, 50 and 
100 percent defoliation treatments. Topping was imposed on 
plants by pinching off the apex of the stem. Treatments were 
imposed on Richland at Stage 1, 3 and 5» Only small yield 
losses were observed for both treatment types at these stages 
of development. Largest losses for defoliation alone occurred 
at Stage 5» yet losses were less than previously reported by 
Camery and Weber (5) and Kalton et al. (27). Weber cited 
favorable environmental conditions, which aided recovery from 
injury, as probable factors influencing the lower yield losses 
he observed, 
Weber and Caldwell (49) reported two experiments involv­
ing defoliation and stem bruising of 'Hawkeye' soybeans. 
Yield loss caused by complete defoliation of young plants be­
tween emergence and Stage 1 increased as stage of development 
advanced. The authors indicated results obtained by treatment 
of the young plants demonstrated the great ability of soybeans 
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to recover from an Injury such as hall, but that capacity 
to recover decreased with age even with young plants. They 
also reported results from combined bruising and stem break­
age treatments imposed at Stages 2, 3» 5 and 7» Their experi­
ment was designed to separate effects of stem bruising from 
stem breakage. One plot was staked with posts and string to 
prevent plant breakage immediately after bruising while 
another was not. They concluded after 1 year of study that 
yield losses resulted primarily from bruising which caused 
plants to break over and not from stem breakage. They did not 
measure the amount of losses attributable to plants which 
would break over and not be harvested mechanically, 
McAlister and Krober (31) reported seed yield and chemi­
cal composition of Hawkeye and 'Lincoln' soybeans defoliated 
20 and 80 percent. In their experiment, defoliation was 
utilized as a method to assess the effect of a large pod set, 
followed by unfavorable environmental conditions. They imposed 
the two percentages of defoliation and also removed 10, 20, 
30, 40 and 80 percent of the pods at about Stage 7» They were 
interested in determining the effects of photosynthate supply 
and availability of sinks on the production and composition of 
seed. Defoliation reduced the number of mature pods produced 
and also reduced seed yield of both varieties. Pods either 
were not filled or were aborted when leaves were removed. Both 
varieties compensated for loss of pods by producing larger 
seeds. The seed yield of Hawkeye was reduced 10 percent less 
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by 80 percent defoliation than was yield of Lincoln, indicat­
ing a variety x defoliation Interaction. 
A variety x defoliation damage interaction similar to 
that observed by McAlister and Krober (31) was noted in studies 
with several types of defoliating insects by Nichels (33)« 
Some soybean varieties were damaged severely (70 percent yield 
reductions), whereas other varieties had as little as 5 percent 
yield losses. Differences between yields of varieties were 
attributed to the degree of Injury and differing recoverability 
among varieties. Amount of damage was related to insect 
preference, and consisted primarily of defoliation. 
Begum and Eden (1) summarized insect defoliation studies 
with soybeans and examined effects of defoliation on 'Lee' and 
'Jackson' soybeans in Alabama. Defoliation levels of 33» 6? 
and 100 percent were imposed manually when plants were blooming, 
when beans in the pods were half developed and when beans were 
fully developed in the pods. Largest yield reductions were 
obtained for 100 percent defoliation when seeds were half 
developed in pods. Removal of 33 and 6? percent of the leaves 
at blooming did not affect seed yield. No estimates of 
variety interactions were reported in their work. 
Recent defoliation studies in I969 and 1970 by Walker 
(4'5) indicated no significant variety x treatment interactions 
for simulated hail treatments which Included 75 percent de­
foliation. Two planting dates, early and late, of varieties 
'Lee' and 'Hill' were grown at the Delta Substation, Clarkdale, 
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Arkansas in 1970. Larger yield reductions were reported for 
75 percent defoliation than for a half height cut-off treat­
ment. The most critical stage of development for all treat­
ments was when plants had pods 2 cm long at one of the four 
uppermost nodes. Yield reductions for defoliation at this 
stage were primarily due to smaller seeds produced, whereas 
reductions at other stages were more related to seed number 
than seed size. In I969 severe cyst nematode infestation 
forced the experiment to be moved to a different location. 
Treatments imposed during I969 indicated no variety x treat­
ment interaction. In both years, the late planting date re­
sulted in lower yields and larger losses, which the investi­
gators suggested occurred because late planted soybeans could 
not recover from injury as readily as early planted soybeans. 
Severe lodging often results from hail damage and is con­
sidered an important component of the yield response obtained 
from hailed fields. Several researchers (8, 25» 50) have re­
ported lodging can reduce soybean yields, particularly in high 
production environments. Weber and Pehr (50) obtained yield 
increases of 13 percent where natural lodging was prevented. 
Upright plants yielded 10 percent more than naturally lodged 
plants in an experiment conducted by Johnson et al. (26). 
Recent reports by Cooper (9» 10) indicated seed yields were 
reduced 21 and 23 percent and canopy height was reduced 46 
percent by early lodging at two locations in Illinois during 
1969. 
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Several researchers, Kalton et al, (27), Camery and 
Weber (5)» and Weber (46) have reported that defoliation im­
posed during seed formation reduces lodging. Walker (45) 
found both cut-off and defoliation treatments tended to reduce 
lodging when inflicted ten days before bloom. Lodging was 
cited as a major factor contributing to low check yields in 
both planting dates of their experiment; thus, reduction in 
lodging caused by treatments was cited as influential in re­
ducing seed yield losses from the treatments. 
Soybean varieties commonly produced in the Midwest begin 
flowering after developing 6 to 8 nodes. Both reproductive 
and vegetative development occur simultaneously until 12 to 15 
nodes are developed. The effects of defoliation that occurs 
during vegetative or early reproductive stages may be influ­
enced by the production of new leaves as the plant recovers 
and continues to develop. Johnson and Pendleton (25) re­
ported defoliation treatments applied to upper, middle and 
lower thirds of the canopy reduced yields 1?» 22 and 4 percent, 
respectively. Removal of leaves from a portion of the plant 
reduced yields of that portion, but only defoliation of the 
central area markedly reduced seed yields of other portions. 
Defoliation of the lower third of the plants slightly increased 
yields of the upper and middle thirds. Defoliation of the 
upper one-third of plants resulted in 31 percent yield reduc­
tion of this portion, but did not influence yields of other 
portions. These results contrast with the earlier findings 
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of Bellkov and Pirskli (2) who concluded that photosynthate 
does not move upward in soybeans. 
Different planting dates are included in my experiment. 
Planting date has not been of direct concern in soybean hail 
research, but has been used previously in defoliation studies 
as a method to initiate physiological responses (31, 45). Most 
planting date experiments have included variation in cultural 
practices such as row spacing, plant density or planting rate 
and have been designed to use seed yield as an index for 
measuring planting date interactions with these variables (3,6, 
34, 53). 
Johnson et al. (24) examined the effects of planting date 
as related to photoperiodic and plant character differences. 
They utilized several varieties which differed in maturity 
and stem termination to delineate between environmental and 
photoperiodic effects. Two types of photoperiods, constant 
daylength and variable daylength were imposed as separate 
experiments. Significant variety x photoperiod and variety x 
planting date interactions were obtained for stages of de­
velopment observed with both systems. 
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METHODS AND MATERIALS 
Experiment I 
Experiment I was designed to evaluate the effects of 
simulated hail injury, specifically stand reduction and stem 
cut-off, on performance of two soybean varieties grown in two 
row spaclngs. The varieties 'Hark' and "Hawkeye' were selected 
because of differing responses to row spacings. Numerous 
investigations (43, 44, 46, 49), some of which were hail ex­
periments (46, 49), have been conducted with Hawkeye during 
the past 10 to 15 years. Because of its widespread use and 
study, Hawkeye was included in my study to help compare my 
results to previous studies. Hark is a recently released 
thin-line variety that is 4 to 7 days earlier maturing than 
Hawkeye and has a smaller, narrower leaf and a more open 
canopy (47, 52). The varieties were grown in 102 and 51 cm 
row spacings to correspond with wide and narrow rows commonly 
grown in the Midwest. 
The study was conducted at the Iowa State University 
Agronomy Research Center, Boone County, Iowa during I968, I969 
and 1970. Soil type was Nicollet silt loam. Fertilizer, 
0-80-80, was applied according to recommendations of the soil 
test in all years. Plots were planted May 14, I968; May 13» 
1969; and May 20, 1970. Weeds were controlled by pre-emergence 
application of Amiben, followed by cultivation and hand weed­
ing as needed throughout each growing season. 
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The 102 cm plots consisted of 3 rows 4.3 m long. Al­
though all 3 rows of each plot were treated, data were col­
lected on only the center row of 102 cm plots. The 51 cm 
plots were also 4,3 m long, but were 4 rows wide and data 
were collected on the two center rows. All rows were over-
planted and thinned to constant stands when the unlfoliolate 
leaves had completely unrolled. Plant populations were 8 
plants per 30 cm of row for the 51 om spacing and 12 plants 
per 30 cm of row in 102 cm rows. Thirty cm were trimmed 
from each end of the plots at stage 1 and again at maturity 
leaving 3 m of row that were harvested. 
Simulated hail treatments were imposed at stages of de­
velopment 1, 3 and 5 as defined by Kalton et al. (27). They 
defined these stages as: 
"Stage 1 - First trifoliate leaf completely unrolled, 
second trifoliate leaf in bud stage of 
unrolling. 
Stage 3 - Five to six trifoliate leaves unrolled. One 
to five percent of plants flowering. 
Stage 5 - Nine to ten trifoliate leaves unrolled. More 
stem branching evident. Full bloom stage with 
withered flowers in lower leaf axils," 
Treatments consisted of three percentages of stand re­
duction and three percentages of stem cut-off, imposed as 
half height cut-off, in all combinations (Table 1). Stand 
reduction treatments were imposed by removing 0, 25 or $0 
percent of the original plant stand per 30 cm of row. Half 
height cut-off was accomplished by pinching off the main stem 
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Table 1. Treatments inflicted on Experiment I, I969-I97O 
Stand Half height 
Treatment reduction cut-off Defoliation 
number (^) (^) 
1 0 0 0 
2 0 25 0 
3 0 50 0 
25 0 0 
5 25 25 0 
6 25 50 0 
7 50 0 0 
8 50 25 0 
9 50 50 0 
10 0 0 75 
of the plant at half height. For combined treatments (5f 6, 
8 and 9 of Table 1) stand reduction was imposed first, then 
half height cut-off was inflicted as a percentage of the 
plants remaining. For example, for a 50 percent stand reduc-
tion-50 percent cut-off treatment in 102 cm rows, six plants 
per 30 cm of row were removed and three of the six plants 
remaining were then cut-off. 
An additional treatment of 75 percent leaf area removal 
(defoliation) was included in the experiment during I969 and 
1970, Defoliation was accomplished by tearing away an estimated 
75 percent of the area from each of the leaves of all plants 
in a plot. The defoliation treatment was imposed only at 
stage 5 during I969 and 1970. 
Treatments were imposed manually by a number of individu­
als. Persons treating the plots were assigned to a specific 
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replication, and each individual inflicted the same type of 
treatment at each stage of development to help minimize treat­
ment variation due to variation among persons. 
Rainfall and temperature data for the three years of study 
are presented in Table 2. Conditions were generally favorable 
for soybean production in all years. A hailstorm June 28, I968 
at stage of development 2,8 damaged plots, but yields obtained 
indicated damage was not severe. Number of plants per plot at 
harvest was determined in I968 to help evaluate the effects of 
the hailstorm. 
The following attributes were measured for each plot: 
Seed yield - grams per plot; air dried to uniform 
moisture. 
Maturity - days after August 3I; 95 percent of the pods 
turned brown. 
Lodging - rated at maturity; scale ranged from 1,0 
(plants erect) to 5»0 (plants prostrate). 
Height - average centimeters from ground level to 
terminal node; measured at maturity. 
In 1970, seed size, measured as grams per 100 random whole 
seeds also was determined. Seed size was not measured for 
treatments 5» 6 and 8 (Table 1). 
The experimental design was a split, split-plot with 
three replications each year. Row spacings were whole plots 
and varieties were subplots. Treatments and stages of develop­
ment were randomized as sub-subplots within varieties. Row 
spacings, varieties and row spacings x varieties mean squares 
were considered important parameters of the experiment. 
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Table 2. Mean monthly temperatures, total monthly and mean 
seasonal precipitation with departures from normal 
during the growing season at Ames, Iowa, 1968, I969, 
and 1970a 
Year 
1968 1969 1970 
Month Mean Dep.b Mean Dep. Mean Dep. 
Temperature (C) 
May 14,2 -2.0 15.5 0.7 17.7 1.5 
June 21.8 0,1 19,2 —2.6 20.9 -0.7 
July 22.6 -1.9 24.1 -0.4 23.4 -1.0 
August 22.3 —0,8 23.2 0 21.7 -1.5 
September 17.0 -1.4 18.1 -0.3 17.2 -1.2 
Mean 19.6 -1.2 20.0 -0.5 20.2 -0.6 
Precipitation (mm) 
Total Total Total 
May 61 —48 82 
-27 190 81 
June 231 97 151 17 70 -64 
July 57 -41 138 40 73 -26 
August 85 -15 51 -46 131 32 
September 109 26 102 19 117 34 
Total 542 18 524 3 581 57 
Mean 108 4 105 1 116 11 
&Data from the Iowa Section of the Weather Bureau, United 
States Department of Commerce, 
^Departure from normal calculated as deviations from 
the mean value for the I93I-196O period. 
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Because row spacings were planted as strips, the error asso­
ciated with each row spacing may not have been homogeneous. 
However, row spacings were not considered as separate experi­
ments and were not analyzed individually within a year of 
study. The model assumed for the individual analysis of each 
year was as follows: 
+ Wj + (BW)ij + Vk + (W7)jk + ((BV)ik + 
+ 8i + Em + Cn + (SR)im + (SC)in + (RO^ + 
+ (ws)ji + (wa)j^  + (wc)j„ + (WSB)J1„ + (wsc)ji„ + (whO^^ + 
'"SBC'jlmn + (VS)kl + (VE)j^ + (VC)i^ + (VSE)^i„ + (VSC)^^„ + 
<™='lam + + (WVS)j^^ + (WVR)jkm + + 
+ (WTOO)jj^ + (WVSRC)j^^^+ Sijklmn 
where u = mean 
= i^^ replication; k = 1 to 3 
Wj = row spacing; j = 1 to 2 
BW^j = whole plot error 
Vjç. = variety; k = 1 to 2 
((BV)ijç + (B8V)^j^) = subplot error 
= 1^^ stage of development; 1 = 1 to 3 
stand reduction; m = 1 to 3 
C.^ = half height cut-off; n = 1 to 3 
®ijklmn ~ sub-subplot error. 
Combinations of symbols refer to interactions between main 
effects. 
For the combined analysis, years were considered a main 
effect and replications became, B^j, replications within years. 
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Several four and five term interactions which were not sig­
nificant in individual analyses and the interaction of these 
terms with years were pooled into sub-subplot error in the 
combined analysis over years. The interactions from individual 
analyses which were pooled are as follows: 
W X 8 X R X C 
V X S X R X C 
W X V X S X R 
W X V X S X C 
W X V X R X C 
W x V x S x R x C  
To analyze the defoliation treatment in 1969 and 1970, an 
analysis of variance for all treatments at stage 5 was calcu­
lated. The analysis of variance calculated for individual 
year data was as follows: 
?ljkl = u + + I'k + (WV)jk + ((BV'lk + 
where u = mean 
B = i^^ replication; i = 1 to 3 
W = jth row spacing; j = 1 to 2 
= whole plot error 
variety; k = 1 to 2 
((BV)ij^ + (BWV)^j^) = subplot error 
T = 1^^ treatment; 1 = 1 to 10 
®ijkl " sub-subplot error. 
The combined analysis for the two years was calculated by 
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considering years as main effects. Replications were con­
sidered as, replications within years. 
An analysis of variance for seed size data of 1970 was 
calculated for treatments 1, 2, 3» 7» 9 and 10 (Table 1). 
Seed size was not measured for other treatments. The analysis 
contained the same terms and followed the same format as the 
individual analysis for defoliation except only 7 treatments 
instead of all 10 were included. 
Experiment II 
Experiment II was designed to evaluate the effects of 
simulated hail injury on soybeans differing in vegetative-
reproductive development relationships. Varieties which dif­
fered in maturity and stem termination were chosen as experi­
mental material to provide variation in vegetative development 
at a given reproductive stage. Varieties grown Included 
'Hawkeye', 'Hark', 'Chippewa 64', 'Harosoy* and 'Harosoy Dt2, 
Harosoy Dtg is a determinate isoline of Harosoy, whereas 
Harosoy and the other varieties are indeterminate. Chippewa 
6k and Hark are classified as Maturity Group I and the other 
varieties are placed in Maturity Group II, 
The experiment was grown at the Iowa State University 
Agronomy Research Center, Boone County, Iowa during I969 and 
1970. Cultural practices were similar to those used in 
Experiment I, The five varieties were planted at two dates, 
considered early and late for the central Iowa area. Because 
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soybeans are notably photoperiodic (1?, 22 and 24), planting 
dates were utilized as a method to improve variability for 
vegetative stages within a particular reproductive stage. 
Planting dates were May 9 and June 9 in I969, but due to wet 
field conditions early planting was delayed until May 20 in 
1970# Date 2 was planted June 15, 1970. 
Treatments applied to the varieties consisted of a check 
or no treatment, 25 percent half height cut-off (25C), 50 
percent half height cut-off (5OC) and 75 percent defoliation 
(75D). Half height cut-off and defoliation were applied as 
described in Experiment I. Treatments were imposed when a 
variety reached a specified reproductive stage. Reproductive 
stages are described in Table 3* Stages of development at 
which varieties grown in the two planting dates were treated 
are shown in Table 4, Treatments were applied manually, and, 
as in Experiment I, persons treating the plots were carefully 
assigned a treatment and replication. The same person applied 
the same treatment to all varieties in a replication within 
each season. 
Planting dates were considered whole plots and varieties 
subplots. A subplot consisted of a single row plot 4,3 m 
long. Treatments and reproductive stages of treatment were 
randomized within a variety block. Untreated border rows 
were planted on the edge of each variety block so a variety 
always bordered itself. Row spacing was 102 cm and according 
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Table 3» Descriptions for stages of development at which 
treatments were imposed®-
Stage number Description 
R1 ^0% of the plants with at least one flower, 
R2 Flower at node immediately below the upper­
most node with a completely unrolled leaf, 
A leaf is considered completely unrolled 
when the leaf at the node immediately above 
it has unrolled sufficiently so that the 
leaf edges are no longer touching, 
R3 Pod 0,5 cm long at one of the four upper­
most nodes with a completely unrolled leaf, 
R4 Pod 2 cm long at one of the four upper nodes 
with a completely unrolled leaf, 
R5 Beans beginning to develop at one of the 
four uppermost nodes with a completely un­
rolled leaf, A bean is considered "begin­
ning to develop" when it can be felt when 
the pod is squeezed. 
^Adapted from Pehr (15)* 
to Gedge^ slight competition between adjacent rows can be 
expected at this spacing. All plots were overplanted and 
thinned to 12 plants per 30 cm of row when the first tri-
foliolate leaf had unrolled. 
The following attributes were measured for each plot; 
Seed yield - grams per plot; air dried to uniform 
moisture, 
^Gedge, D, L,, Department of Agronomy, Iowa State Uni­
versity of Science and Technology, Ames, Iowa, Effects of row 
competition on soybeans. Private communication, 1971• 
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Table 4. Reproductive stages of development at which treat­
ments were imposed on the two planting dates in 
1969 and 1970 
Treatments^ 
1969 1970 
Stage of Planting date Planting date 
development 12 12
R1 1 - 4 1 - 4 1 - 4 1 — 4 
R2 1 - 1 - 4 1 - 4 1-4 
R3 1, 4 —— 1 - 4 ——— 
R4 1 - 4 1 - 4 1 - 4 1-4 
R5 1 - 4 — 
^1 = check; 2 r= 25c; 3 = 50C; 4 = 75D. 
Maturity - days after August 31; 95 percent of the 
pods turned brown. 
Lodging - rated at maturity; scale ranged from 1 
(plants erect) to 5 (plants prostrate). 
Height - average centimeters from ground level to 
terminal node; measured at maturity. 
The following characters were measured on a plot basis 
for check; ^OC and 75D treatments of Date 1 during I969 only; 
Seed size - grams per 100 whole random seeds. 
Protein content - percent of dry weight using Kjeldahl 
procedure, 
Oil content - percent of dry weight using nuclear 
magnetic resonance (NMR) procedure. 
In 1969, a test was conducted to determine what amount 
of leaf area was actually being removed by defoliation 
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treatments. Leaf area measurements were taken for 30 random 
leaves of each variety at stage R4. A Paton electronic 
planimeter was utilized to measure the lateral leaflet area 
and total leaf area of the leaves. Two persons then tore the 
leaves approximating the technique used in the field. The 
total, lateral and terminal leaflet area remaining after de­
foliation was determined by recycling the leaflets through 
the machine after tearing them. Data collected included 
lateral leaflet area and total leaflet area (mm^). Terminal 
leaflet area (mm^) was calculated by subtraction. 
Reproductive and vegetative stages at treatment were 
determined as an average of the three replications. The 
experimental plots were observed periodically to insure an 
accurate estimation of stages of development. Vegetative 
stages were determined by counting the number of nodes above 
the cotyledonary node that had a completely unrolled leaf. A 
leaf was considered completely unrolled when the leaflet edges 
of the leaf above it were no longer touching. 
The experimental design was a split, split-plot with 
three replications each year. Planting dates were considered 
whole plots, varieties subplots and stages and treatments 
were randomized within a variety as sub-subplots. Planting 
dates were planted as strips and each planting date was 
analyzed individually before combining dates within a year. 
Years were considered main effects for the combined analyses 
over years. 
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The following model was assumed for a combined analysis 
of planting dates within a year; 
+ D] + (BD)ij + + (DV)j% + + 
(HDV)ijj,) + Si + T* + (ST)lm + (DS)jl + <DT)jm + (DST)ji^ + 
(VS)kl + (VT)km + (VST)klm + (DVS)jkl + (^VDj^a + (DVS'Djklm 
where u = mean 
R = i^^ replication; i = 1 to 3 
D = jth planting date; j = 1 to 2 
(RD)ij = whole plot error 
V = variety; k = 1 to 5 
((RV)ijç + (RDV)ij%)= subplot error 
8 = 1^^ stage of development; 1 =1 to 3 
T = m^^ treatment; m = 1 to 4 
®ijklm ~ sub-subplot error 
Combinations of symbols refer to interactions between main 
effects. 
Since a check and defoliation treatment were Included 
for stage B3 in date 1, 1969 (Table 4), an analysis of vari­
ance considering k stages and 2 treatments was calculated 
within date 1, I969. Similarly, an analysis of variance 
including all treatments at 5 stages of development, was cal­
culated for date 1, 1970. For these analyses, varieties were 
considered main effects and stages and treatments were subplots. 
Protein percent, oil percent and seed size were measured 
for check, 50 percent half height cut-off and 75 percent 
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defoliation treatments of date 1, I969, The following 
model was assumed for these analyses. 
^ijkl = " + + Vj + + Sj^ + + 
+ '™>jk + + «ijki 
where u = mean 
R = i^^ replication; i = 1 to 3 
V = variety; j = 1 to 5 
(EV)^j = whole plot error 
S = stage of development; k = 1 to 3 
T = 1^^ treatment; 1 = 1 to 3 
®ijkl ~ subplot error. 
Combinations of symbols refer to interactions of main effects. 
The analysis of variance for the leaf area data collected 
in 1969 was calculated assuming the following model: 
%ijkl = * + Vi + Pj + (VP)lj + Tk + (VT)ik + (PT)jk + 
(VPT)ljk + (Li + (TL)kl) + ((VL)ii + (VTL)iiji) + ((^Djl + 
(fTt^jkl) + ®ijkl 
where u = mean 
V = i^^ variety; i = 1 to 5 
p = person; j = 1 to 2 
T = k^^ leaflet type; k = 1 to 2 
L = 1^^ leaf; 1 = 1 to I5 
e - residual error. 
Leaves were considered subsamples within leaflet types 
(lateral and terminal). Mean squares for (L^ + ( * 
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((VD^I + (VTL)^^^), ((PL)ji + (PTL)j%i) were com­
pared for homogeneity by an F test. Because mean squares 
of these terms were not statistically different from each 
other, they were pooled to form the error term, for testing 
main effects. 
Because vegetative stage was determined as an average of 
the three replications, no analysis of variance was calculated. 
Data for vegetative stage will be presented as means only. 
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RESULTS AND DISCUSSION 
Experiment I 
Yield 
The mean agronomic performance of untreated plots of 
Hawkeye and Hark grown in 102 and 51 cm row spacings during 
1968, 1969 and 1970 is presented in Table 5» Years, years x 
row spacings and years x varieties mean squares were highly 
significant in the combined I968-I97O analysis of variance 
(Appendix Table 1), Highest average yields were produced in 
1969 (34.30 kg/ha), and mean yield achieved in 1968 (3195 kg/ha) 
was comparable to the mean yield of 1970 (3214 kg/ha). Al­
though the mean yields and plant character data of maturity, 
lodging and plant height indicate conditions were generally 
favorable for soybean production during the three years of 
study, production stresses were encountered in the I968 
and 1970 environments. 
In 1968, plots were damaged by a hailstorm received at 
stage 2.8. Qualified hail adjusters estimated 10 to 15 per­
cent plant damage. To help separate actual hail damage from 
treatment effects, a covariate analysis was calculated using 
yield as the dependent variable and harvest stand per plot 
as the independent variable. Mean yields of the two varie­
ties when adjusted for harvest stand compared reasonably well 
with unadjusted values (Table 6). 
Magnitude of the variance terms also was only slightly 
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Table 5» Mean performance of check (untreated) plots for 
yield, percentage yield increase in 51 cm rows, 
maturity, lodging score and plant height during 


















Hawkeye 1968 51 3200 17.8 28 1.9 87 
102 2716 26 1,8 78 
1969 51 3332 14.1 22 2,1 107 
102 2919 23 2,1 107 
1970 51 3355 12.7 18 1.9 92 
102 2977 17 2.3 90 
Mean 51 3296 14,9 23 2,0 93 
102 2871 22 2,1 92 
Hark 1968 51 3865 28,8 22 1,6 80 
102 3000 22 1,6 74 
1969 51 4011 16.1 15 1.9 101 
102 3455 16 1.9 100 
1970 51 3568 20,6 12 1.4 82 
102 2958 11 2,0 88 
Mean 51 3815 21.8 16 1.6 88 
102 3138 16 1,8 87 
^-Percentage yield increase of 5I cm rows over 102 cm rows, 
Measured as days after August 31. 
^Scored as 1 = all plants erect; 5 = all plants prostrate, 
^Measured from ground level to terminal node. 
Table 6. Yields (kg/ha) and as a percentage of check averaged over row spacings 
for Hawkeye and Hark, adjusted and unadjusted for harvest stand, I968 
Stand Yield (kg/ha) and of check) 
redue- Hawkeye Hark 
tion Cut-off (^) ( % )  stage Adjusted Unadjusted Adjusted Unadjusted 
0 0 1,3,5* 2948 (100) 2958 (100) 3397 (100) 3433 (100) 
0 25 1 2929 ( 99) 2948 (100) 3433 (101) 3465 (101) 
3 2955 (100) 2958 (100) 3387 (100) 3436 (100) 
5 2803 ( 95) 2796 ( 94) 3352 ( 99) 3384 ( 98) 
0 50 1 2784 ( 94) 2796 ( 94) 3236 ( 95) 3258 ( 94) 
3 2832 ( 96) 2835 (  96) 3268 ( 96) 3303 (  96) 
5 2803 ( 95) 2816 ( 95) 3297 ( 97) 3339 ( 97) 
25 0 1 2832 ( 96) 2835 ( 96) 3237 ( 95) 3242 ( 94) 
3 3048 (104) 3042 (103) 3371 ( 99) 3381 ( 98) 
5 2890 ( 98) 2890 ( 98) 3300 ( 97) 3307 (  96) 
50 0 1 2845 ( 96) 2826 (  96) 3297 ( 97) 3278 ( 95) 
3 2787 ( 94) 2751 ( 93) 3132 ( 92) 3100 ( 90) 
5 2774 ( 94) 2745 ( 93) 3165 ( 93) 3136 ( 91) 
25 25 1 2P06 ( 95) 2793 ( 94) 3345 ( 98) 3345 ( 97) 
3 2919 ( 99) 2919 ( 99) 3297 ( 97) 3323 ( 97) 
5 2868 ( 97) 2871 ( 97) 3184 ( 93) 3190 ( 93) 
^Average of checks included at each stage treated. 
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different between the covariate analysis and the analysis of 
variance on unadjusted data. Significance levels of the mean 
squares were not different between the two analyses. The co­
variate analysis that was calculated assumed a linear rela­
tionship between plant number and yield. As will be described 
later in the text, yields obtained in this experiment were not 
a direct function of number of plants per plot. Because re­
sults of the covariate analysis indicated plant damage from 
hail was small, all I968 data presented are actual, not ad­
justed values. 
During 1970» plots were subjected to warm, dry condi­
tions early in the season. Larger losses from all treatments 
were observed in 1970 than in other seasons with significant 
losses obtained for stage 3. In contrast, temperature and 
moisture conditions were extremely favorable for soybean de­
velopment in 1969 and no significant effects were measured 
for stages 1 and 3. Differences between losses observed in 
1970 and other seasons are thought to be primarily a result of 
the differing environments. Plants damaged while under mois­
ture stress would not be as capable of recovery from injury as 
would plants that had ample moisture. 
According to Weber (46) and Weber and Caldwell (49) 
yield response to hall treatment is strongly influenced by the 
production environment. My results support their conclusion, 
I obtained highest check yields during the 1969 season, but 
yield loss due to treatments was the least of the three 
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environments (Appendix Tables 2 and 3)* Young soybeans have 
been shown to have an excellent capacity to recover from hail 
or other mechanical injury (5» 39» and 49). Naturally a favor­
able growing environment aids recoverability from damage and 
would be reflected in smaller effects on the character 
measured. 
In my experiment, significant differences in yield were 
obtained between varieties. Both Hawkeye and Hark produced 
higher yields in 51 cm rows than in 102 cm rows during the 
three years of study (Table 5), Hark consistently produced 
higher yields than Hawkeye in either row spacing and exhibited 
larger yield increases from 51 cm rows. 
Hark yields were more severely affected by treatments 
than yields of Hawkeye in all years and were more severely 
affected by treatments in 1970 than previous years. In 1970» 
there were no significant differences in yield between varie­
ties when yields were averaged over treatments and row spac-
ings (Hawkeye - 2961 kg/ha, Hark - 2991 kg/ha). Comparison 
of 1970 check yields showed that Hark outyielded Hawkeye in 
51 cm spacings of the two varieties, but when grown in 102 cm 
rows the varieties were not greatly different (Table 5)« 
Thus, for yields of Hark and Hawkeye when averaged over treat­
ments to be equal in 1970, Hark had to be more severely 
damaged, particularly in 51 cm rows. 
Averaged over row spacings and all treatments, the effects 
of stand reduction and stem cut-off were 3 percent more severe 
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for Hark than Hawkeye, Inherent differences between the varie­
ties that may help explain treatment difference are that Hark 
is 4 to 7 days earlier maturing than Hawkeye and Hark has a 
more open canopy than Hawkeye, Plant removal and stem cut-off 
of Hawkeye did not severely affect seed yield, perhaps because 
competition between plants was reduced. Plants remaining 
after treatment occupied a larger area within the row and were 
subjected to improved light penetration into the canopy. In 
this respect, the greater yield loss in Hark than Hawkeye may 
be related to differences in response to varying plant popula­
tions. Clark^ has found Hark is more responsive to high plant 
densities than Hawkeye. The stand reduction and stem cut-off 
treatments imposed reduced the population levels of both 
varieties below the optimum. Perhaps due to growth type (early 
maturity, small leaf, open canopy), Hark does not have the 
capability to adjust to suboptimum plant populations. 
I obtained positive yield response to narrow (51 cm) rows 
for both varieties when compared to the 102 cm spacing. The 
yield responses observed for narrow rows in my experiment 
correspond well with results of other Iowa studies, Weber 
et al, (51) and Shibles and Weber (44) have related narrow 
row yield advantages to a more uniform distribution of plants 
^Clark, R, C,, Department of Agronomy, Iowa State Uni­
versity of Science and Technology, Ames, Iowa, Effects of 
variation in row spacings and plant population on soybeans, 
1967. (private communication), 
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over a given area. This improves light interception during 
critical early pod and seed formation periods. Their experi­
ments with Hawkeye and the results of Clark et al. (7) with 
Hawkeye and Hark indicate both varieties have a positive 
yield response to narrow rows. 
Row spacing did not influence the ability of plants to 
recover from the simulated hail treatments. Significant row 
spacing x treatment Interactions were not observed (Appendix 
Table 1), Averaged over the 3 years of study and all treat­
ments except the check, both row spacings of Hark were damaged 
an equal amount and 51 cm rows of Hawkeye were only 1 percent 
more affected than 102 cm rows. 
Response to 51 cm rows (calculated as a percentage yield 
increase of 51 cm over 102 cm rows) is presented for check 
plots in Table 5* Averaged over all treatments and both 
varieties, yield response to 51 cm rows was 25.4 percent-1968, 
10.6 percent-1969, and 18.7 percent-1970. These responses 
averaged over treatments are not largely different from those 
observed for check plots in Table 5 Indicating that row spac­
ing had no appreciable influence on yield loss from treatments. 
Significant yield reduction was observed for stem cut-off 
and stand reduction (Appendix Table 1). In general, less 
yield loss was measured for half height cut-off than for stand 
reduction, although both were highly significant. When 
averaged over varieties and row spacings, both treatment types 
caused larger yield losses as stage of development advanced 
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(Table 7)» The 50 percent level of both stand reduction 
and cut-off resulted in larger losses than the 25 percent 
level. 
Table 7» Mean yield expressed in kg/ha and as a percent of 
check averaged over varieties and row spacings for 
stand reduction and half height cut-off treatments 
of stages 1, 3 and 5 
Seed yield 
Treatment Stage (kg/ha) of check) 
Check 3278 100 
Cut-off 
25 1 3335 101 
3 3284 100 
5 3155 96 
50 1 3203 98 
3 3136 95 
5 3058 93 
Reduction 
25 1 3230 98 
3 3203 98 
5 3158 96 
50 1 3197 97 
3 3045 93 
5 2835 86 
Kalton et al. (27) reported stand reduction and half 
height cut-off imposed at stages 1 and 3 produced similar 
effects on yield. At stage 5 and later stages of development, 
they reported that stand reduction was more severe than half 
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height cut-off. In my experiment, averaged over varieties 
and row spacings, both levels (percentages) of stand reduction 
at stages 1 and 3 produced yield losses that were 2 percent 
greater than each corresponding level of half height cut-off 
(Table 7). At stage 5f 25G and 25R resulted in similar 
losses, but 5OR produced 7 percent more yield loss than ^OC, 
The average yield losses I observed from stand reduction 
and stem cut-off of Hark and Hawkeye are compared with losses 
observed by Kalton et al. (27) for Richland in Table 8. 
Smaller differences existed between yield loss of Hark and 
Richland than between Hawkeye and Richland. This is contrary 
to what may have been expected on the basis of plant growth 
type because Hawkeye resembles Richland more than does Hark, 
My experiment was conducted at higher levels of productivity 
than the study with Richland, which may account for part of 
the variation between treatment effects in the two experiments. 
Several researchers have emphasized that smaller yield losses 
are observed from mechanical injury of soybeans grown in a 
highly productive environment (5f 39t 49). A favorable en­
vironment enables greater recovery from injury received. 
Thus, much of the difference between Hawkeye and Richland, 
which are not greatly different in yield potential (52)f 
may be largely due to higher productivity levels in my 
experiment. 
Removal of plants by stand reduction treatments at stage 
1 corresponds with variation in plant density. Three distinct 
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Table 8, Mean yields (kg/ha) and percentages of check yields 
averaged over years for Hawkeye and Hark 102 cm row 
spacings and Richland^ 
Stand 
reduc- Cut-
tion off ( f )  (2)  stage 
Yield 
Hawkeye Hark 
^ of ^ of 




0 0 1,3,5 2871 100 3138 100 2286 100 
0 25 1 2927 102 3162 101 2300 101 
3 2886 100 3167 101 2192 96 
5 2793 97 3029 97 2226 97 
0 50 1 2851 99 3041 97 2212 97 
3 2718 95 2946 94 2091 91 
5 2784 97 2903 92 2058 90 
25 0 1 2839 99 3108 99 2327 100 
3 2907 101 3046 97 2233 98 
5 2815 98 2992 95 2165 95 
50 0 1 2862 99 2929 93 2233 98 
3 2799 97 2876 91 2112 92 
5 2553 89 2584 82 1863 91 
&After Kalton et al, (2?). 
plant populations were formed in each row spacing; 12, 9 and 
6 plants per 30 cm of row in the 102 cm row spacing and 8, 6 
and 4 plants per 30 cm of row in the 5I cm spacing. 
Significant yield loss due to stand reduction at stage 1 
was measured only for Hark grown in the 102 cm row spacing 
(Table 9), This strongly suggests distribution of plants and 
plant type (thin versus broad canopy) are important considera­
tions in the response to variation in plant population. Low 
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Table 9, Mean yield (kg/ha)® 
applied to Hawkeye 
1970 
for stand reduction treatments 










102 cm spacing 
387,490 (check) 2871 3138 
290,620 (252) 2839 3IO8 
193,750 (50#) 2862 2920 
51 cm spacing 
516,660 (check) 3296 3915 
387,490 (252) 3312 3662 
258,330 (502) 3195 3803 
^LSD Q. = 176 kg/ha. 
populations of Hark, a thin canopy type, were unable to inter­
cept all the light available in 102 cm rows. Plants remaining 
after stand reduction treatments of both varieties at stage 1 
displayed improved vigor, stem size and branching. 
Yields per plant increased due to stand reduction at 
stage 1 for both varieties grown in both row spacings (Table 
10). For 50 percent stand reduction at stage 1, yield per 
plant increased twofold over the check for Hawkeye and Hark, 
regardless of row spacing, and completely compensated for the 
removed plants. Yields per plant of the two varieties were 
Table 10. Seed yield expressed in kg/ha and g/P for stand reduction treatments 











g/P kg/ha g/P kg/ha g/P 
102 cm spacing 
Hawkeye 
0 1,3,5^ 2716 7.0 2919 7.5 2977 7.7 2868 7.4 
25 1 2541 8.7 3032 10.4 2945 10.1 2839 7.9 
3 2722 9.4 3074 10.6 2926 10.1 2907 10.0 
5 2661 9.2 2974 10.2 2809 9.7 2815 9.7 
50 1 2444 12.6 3164 16.3 2977 15.4 2862 14.8 
3 2593 13.4 2977 15.4 2826 14.6 2799 14.5 
5 2541 13.1 2732 14.1 2386 1-2.3 2553 13.2 
cm spacing 
0 1,3.5 3200 6.2 3332 6.4 3355 6.5 3296 6.4 
25 1 3129 8.1 3404 8.8 3404 8.8 3312 8.6 
3 3362 8.7 3197 8.2 3029 7.8 3196 8.6 
5 3119 8.0 3268 8.4 3265 8.4 3217 8 . 3  
50 1 3203 12.4 3265 12.6 3116 12.1 3195 12.4 
3 2909 11.3 3268 12.6 3145 12.2 3107 12.0 
5 2948 11.4 3094 12.0 2848 11.0 2963 11.5 
&g/P = grams seed produced per plant. 
^Average of checks included at each stage treated. 




{%) Stage kg/ha g/P kg/ha g/P kg/ha g/P kg/ha g/P 
tion 1268 1262 1970 x 
Hark 
102 cm spacing 
0 1.3,5 3000 7 . 7  3455 6.7 2958 7.6 3138 7.3 
25 1 2835 9 . 8  3539 1 2 . 2  2951 10.2 3108 10.7 
3 3019 10,4 3491 12.0 2628 9 . 0  3046 10.5 
5 2922 10.0 3465 11,9 2590 8.9 2992 10. 3 
50 1 2706 14,0 3232 16,7 2848 14.7 2929 15.1 
3 2645 13.6 3397 1 7 . 5  2586 13.4 2876 14.8 
5 2838 14.6 2980 15.4 1934 10.0 2584 1 3 . 3  
51 cm spacing 
0 1 , 3 , 5  3865 7.5 4011 7.8 3568 6 . 9  3815 7.4 
25 1 3652 9.4 3868 10.0 3465 8 . 9  3662 9.4 
3 3746 9 . 7  3565 9.2 3662 9.4 3658 9.4 
5 3691 9 . 5  3814 9.8 3307 8.5 3604 9 . 3  
50 1 3849 14.9 3994 15.5 3565 13.8 3803 14.7 
3 3558 1 3 . 8  3636 14.1 3003 11.6 3399 13.2 
5 3433 13.3 3468 13.4 2845 11.0 3249 12.6 
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slightly lower in 5I cm than in 102 cm rows, yet, per hectare 
yields were significantly larger for 51 cm rows. Differences 
in yield per hectare between 5I cm and 102 cm row spacings 
appear to be primarily a function of improved plant distribu­
tion in the 51 cm rows and not from differences in plant 
population. Equal plant populations existed in both row 
spacings (102 cm check versus 51 cm-25R) yet yields in 51 cm 
rows are higher. 
Yields per plant progressively.decreased as stage of 
development at treatment advanced (Table 10). Lowest yields 
per plant were obtained at stage 5 in all instances. Injury 
imposed at stage 5 when plants were blooming created opposing 
sinks for photosynthate between vegetative and reproductive 
processes. Though data were not taken, observations indicated 
both less branching and poorer pod set contributed to lower 
seed yields per plant at stage 5-
Yields per plant presented in Table 10 may be lower than 
actual yields obtained. Calculations were derived using the 
number of plants remaining after treatment, not at harvest. 
Plants may have been lost during the period from treatment to 
harvest by disease, cultivation damage, weather or other en­
vironmental causes. It is assumed that variation induced by 
any plant loss which occurred after treatment was random, and 
should be relatively the same for all varieties and treatments. 
Deviations from the check yields of all stand reduction 
and stem cut-off treatments imposed on Hawkeye and Hark are 
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presented in Table 11. Combined stand reduction and half 
height cut-off treatments were included in my experiment to 
obtain an estimate of damage resulting from the interaction 
of the two treatment types. Combined treatments will be 
referred to as 25R-25C, 25R-50C, 50R-25C and 5OR-5OC for the 
percentage (25 or 50 percent) of stand reduction (R) and half 
height cut-off (C) inflicted. 
Exposure of plants to the combined treatments of stand 
reduction and stem cut-off resulted in larger losses than for 
either type of treatment imposed alone. The most damaging 
treatment of the experiment was 50R-50C: at stage 5» The re­
duction X cut-off interaction was significant during 1970 
but not significant in other years or the combined analysis. 
The effects of combined R-C injury in relation to the 
effects of either component alone were estimated by calculat­
ing prediced yield deviations from the check (Table 12). 
Predicted yield deviations were calculated to estimate the 
amount of compensation by plants remaining when both types 
of injury were imposed simultaneously. Yield losses from in­
dividual R and C treatments were summed to form the predicted 
yield losses. For example, if there was 50 kg/ha loss from a 
OR-25C treatment, then predicted yield loss from 25R-25C 
would be 150 kg/ha. 
Although there was no definite relationship between mea­
sured and predicted yield deviations at stage 1 and 3» pre­
dicted losses generally were larger than observed losses 
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Table 11. Deviations (kg/ha) from the checks for Hawkeye and 










102 cm 51 cm 102 cm 51 cm 
0 0 1,3,5* 0 0 0 0 
0 25 1 41 103 24 40 
3 15 105 29 -129 
5 - 78 -135 -109 -178 
0 50 1 20 - 58 - 97 -129 
3 -153 -112 -192 -125 
5 - 87 -386 -235 -297 
25 0 1 - 32 16 - 30 -153 
3 36 -100 - 92 -157 
5 - 56 - 79 -146 -211 
50 0 1 - 9 -101 -209 - 12 
3 - 72 -189 -262 -4l6 
5 -318 -333 -554 -566 
25 25 1 6 - 48 - 59 - 52 
3 - 66 - 52 -139 -222 
5 -206 -200 -308 -290 
25 50 1 132 -125 - 85 8 
3 - 78 -206 -160 -205 
5 -286 -387 -487 -471 
50 25 1 54 - 87 -206 -121 
3 -117 -187 -302 -512 
5 -380 -394 -545 -628 
50 50 1 1 - 96 - 38 -278 
3 -127 -101 -389 -457 
5 -529 -531 -697 -673 
^LSD = 176 kg/ha at 0,05 probability level. 
^Average of checks included at each stage treated. 
Table 12. Deviations (kg/ha) from check and simple correlation coefficients between 
observed yields for combined treatments and expected yields calculated 
from individual stand reduction and cut-off treatments 
Deviations (kg/ha) 
Hawkeye Hark 
dSc- cut- 102 cm $1 cm 102 cm cm x 
tion off O^E^OE OE OE OE 
Stage 1 
25 25 6 9 - 48 119 - 59 - 6 - 52 -113 38 2 
25 50 132 
- 52 -125 - 42 - 85 -127 8 -282 - 18 - 12 
50 25 54 32 - 87 2 -206 -239 -121 28 - 90 - 44 
50 50 1 - 29 - 96 -159 - 38 -306 -278 -l4l -103 -159 
r value 0. 06 -0. 22 0,43 0 .05 
Stage 3 
- 66 
-139 - 63 25 25 51 - 52 5 -222 -286 -120 - 73 
25 50 - 78 -117 -206 -212 -160 -284 -205 -282 -162 -224 
50 25 -117 
- 57 -187 - 84 -302 -354 -512 -545 -280 -260 
50 50 -187 -275 -101 -301 -389 -454 -457 -541 -268 -380 
r value 0. 35 0. 18 0.40 0 .43 
Stage 5 
-248 25 25 -206 -134 -200 -214 -308 -255 -290 -389 -251 
25 50 -286 -143 -317 -465 -487 -381 -471 -508 -408 -374 
50 25 -380 -396 -294 -468 -545 -700 -628 -744 -462 -577 
50 50 -529 —405 -531 -719 -697 -789 -673 -863 -608 -694 
r value 0. 84 0. 39 0.94 0 .69 
^Coefficient of 0.55 required for significance at 0.05 probability level, 
Measured deviation from check. 
^Predicted deviation from check. 
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(Table 12). The effects from combined treatments are addi­
tive at stages 1 and 3 as indicated by small differences be­
tween observed and expected values. Most losses measured for 
these stages were not significant, and correlation coefficients 
calculated also were insignificant. 
At stage 5i significant losses were observed and effects 
of combined R and C at stage 5 tended to be additive as sug­
gested by significant simple correlation coefficients between 
measured and expected yield deviations (Table 12), Averaged 
across varieties and row spacings at stage 5i the $0 percent 
level of stand reduction in combination with either level of 
stem cut-off resulted in slightly less yield loss for observed 
than for expected values. 
In general, at the higher levels of treatments (50R-50C) 
for all stages averaged over the three years, expected values 
exceeded observed yields indicating that, even though treat­
ment effects approached additivity, plants remaining after 
treatment compensated for those removed. Lower competition 
between plants would be expected to exist in 50R"50C treated 
plots than in those receiving lower levels of treatments. 
The amount of compensation was highly dependent upon 
varieties and seasons. Averaged over I969 and 1970, effects 
on Hark at stage 5 were not additive (Table 13). When data for 
5OR-5OC were averaged over I969 and 1970 only, there was ex­
treme compensation by Hark plants remaining after treatment 
(Table 13)» The losses observed for 50R-50C and 5OR of Hark 
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Table 13. Yield performance expressed as a percent of check 
for 102 cm and 5I om spacings of Hark and Hawkeye 
at stage 5» 1969, 1970 and 1969-1970 combined 
Yield performance 
Hawkeye Hark 
Treatment 102 cm 51 cm 102 cm 51 cm 
Check 100 100 100 100 
50c 
1969 10^ 94 97 90 
1970 90 87 84 88 
Mean 97 90 90 89 
5OR 
1969 94 93 86 86 
1970 80 85 65 80 
Mean 87 89 76 83 
5OR-5OC 
1969 89 86 84 91 
1970 72 79 67 72 
Mean 80 82 76 82 
75D 
1969 101 89 96 90 
1970 87 96 78 94 
Mean 94 92 87 92 
are nearly identical indicating the amount of yield loss 
attributable to 5OC was completely compensated for by plants 
remaining after 5OR-5OC, 
A 75 percent defoliation treatment at stage 5 was included 
in the experiment in I969 and 1970 to compare the effects of 
defoliation with stand reduction and stem cut-off. An examina­
tion of yield response to defoliation demonstrated a strong 
years x row spacings interaction not revealed by the analyses 
5^ 
of variance of stage 5 (Appendix Table 4). In 1969, no sig­
nificant losses were measured for 51 cm rows (Table 13)• In 
1970, 102 cm rows were damaged more than the 5I cm spacing. 
When averaged over years, differences between row spacings due 
to defoliation were small. 
Defoliation and 50 percent half height cut-off resulted 
in approximately the same amount of yield loss (Table 13). 
Both treatments were less severe than 50 percent stand reduc­
tion. Plants which received stem cut-off or defoliation injury 
compensated for this Injury by producing branches and new 
leaves from axillary buds. The capability of plants to com­
pensate in this manner declined as stage of development ad­
vanced. Yet, results from defoliation and cut-off when com­
pared with stand reduction and combined R-C treatments indi­
cate recoverability was still prevalent at stage 5* 
Maturity 
Only small differences due to treatments were obtained 
for maturity date (Appendix Table 5)» Stand reduction and 
half height cut-off treatments imposed on either variety 
tended to delay maturity 1 or 2 days. Defoliation also de­
layed maturity by 1 to 2 days. Differences between varieties 
accounted for the major portion of variation (Appendix Tables 
6 and 7)• Hark check plots matured an average of 5 days 
earlier than Hawkeye checks. 
Maturity date also was related closely to seasonal 
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weather conditions. Although the experiment was planted a 
week later in 1970 than in I969, maturity was 4 to 6 days 
earlier in 1970. Unseasonably warm, dry conditions in June 
1970 hastened flowering and continued dry conditions in July 
contributed to earlier maturation. The opposite trend 
occurred during I968 and I969 as cool, damp weather during 
flowering promoted vegetative development. It it also possi­
ble that hail received immediately prior to flowering in 
1968 may have lengthened the vegetative period by forcing 
plants to produce new leaves and branches before initiating 
reproductive development. 
Differences between row spacing, although statistically 
significant, were small (Appendix Tables 6 and 7)« In 1968 
and 1970, the 100 cm spacing matured 1 or 2 days earlier than 
the 51 cm spacing, but In I968 the 5I cm spacing matured 
earlier. 
Other significant mean squares in the analyses of vari­
ance resulted from 1 or 2 day mean differences. Maximum 
change in maturity occurred for the 5OR-5OC treatment in 1970 
(+3 days). Similar to R, C and R-C treatments, defoliation 
also delayed maturity 1 or 2 days when averaged over years. 
The maturity response to defoliation was similar to results 
obtained by Camery and Weber (5) for 5OD of Richland. They 
reported 5OD delayed maturity 1.5 days and lOOD delayed 
maturity 8.5 days. Kalton et al. (27) found 75D at stage 5 
did not alter maturation of Richland. 
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Maturity data for stand reduction and stem cut-off, I 
observed, do not agree with the results of Kalton et al. (2?). 
They found 25 and 50 percent stem cut-off did not affect 
maturity of Richland, but the same levels of stand reduction 
hastened maturity by 1 to 2 days. They indicated cool, 
damp weather delayed maturity of injured plots during one year 
of their study. 
The lack of similarity between maturity data reported 
by other investigators (5» 2?) and my results are largely 
attributable to variation in environment. Favorable drying 
conditions (warm, dry weather) immediately prior to maturation 
could conceivably hasten maturity by 1 or 2 days. Small 1 or 
2 day differences were obtained for R, C and 750 treatments 
in my experiment and are generally not of practical importance. 
Lodging 
Low lodging scores were recorded during the three years 
of study (Appendix Table 8). Larger differences were recorded 
between varieties than between years or other variables. Hark 
stood better than Hawkeye under almost all treatment situations. 
Smaller differences between treatments were observed for Hark 
than for Hawkeye when lodging scores of treated plots were 
compared to the check of each variety. 
Significant differences were observed between lodging 
scores of the two row spacings in I968, but significant differ­
ences were not observed in 1969, 1970 or combined I968-I97O 
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analyses (Appendix Tables 6 and 7)« Lodging scores of 51 cm 
rows tended to be slightly less than 102 cm rows, but treat­
ment differences between spacings were not significant 
(Table l4). 
Averaged over varieties and years, significant differ­
ences resulted between stages of development (Table 14). 
Treatments at stage 1 did not affect lodging scores. Lodging 
was less than the check for treatments at stage 3 and stage 5* 
When treated at stage 1, plants tended to branch more pro­
fusely. At harvest, branches became broken and possibly con­
tributed to the slightly higher lodging scores measured for 
stage 1. Plants treated, during flowering (stage 5) did not 
exhibit as much vegetative development as those treated at 
stages 1 or 3* Stand reduction and stem cut-off at stages 
3 and 5 resulted in shorter plants which were not as sus­
ceptible to lodging as the taller, more branched plants at 
stage 1, 
Reduced lodging from stand reduction and stem cut-off 
has been previously reported (27). Kalton et al. (27) found 
significant reductions in lodging from both 25 and 50 percent 
levels of stand reduction and stem cut-off and indicated stand 
reduction reduced lodging more than did stem cut-off. They 
obtained lodging scores of 2.4 for checks compared to 1,0 for 
50R and 1,3 for 50C at stage 5« In my experiment, treatments 
at stage 5 reduced lodging, but reductions were small com­
pared to the check (Mean 50R and 50C = 1.6; check = 1.8). 
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Table l4. Mean lodging score averaged over varieties and years 
for treatments Imposed at 3 stages of development in 
102 and 51 cm rows®-
Treatment 
Stage of development 




















































































^LSD = 0.2 at 0.05 probability level. 
^Excluding the check and defoliation values. 
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Averaged, over years, low lodging scores were obtained in my 
experiment, which hindered expression of treatment effects. 
I did not obtain lodging reductions approaching the magnitude 
of previous research. 
Height 
All simulated hail treatments resulted in shorter plants 
when compared to the check, but larger variation for plant 
height was observed between years than among treatments 
(Appendix Tables 9 and 10), Plants of both varieties were 
much taller in I969 than during either I968 or 1970, largely 
because environmental conditions favored vegetative develop­
ment during 1969, In I968, plants were shorter and larger 
differences between row spacings were measured than in other 
years. 
Hawkeye checks averaged about 6 cm taller than Hark 
checks over the three years of study (Appendix Table 9)* 
Defoliation, R and C treatments resulted in about the same 
amount of height reduction for both varieties. Combined 
R-C treatments resulted in greater height reduction for 
Hawkeye than Hark. 
Plants in 5I cm rows averaged 2 to 4 cm taller than 102 
cm rows during all years of study (Table 15). When averaged 
over varieties and years, check plots and most treatment 
effects were not different between row spacings. Largest dif­
ference between treatments for the two spacings was the 
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Table I5. Plant height^ averaged over varieties and years 
for the treatments Imposed at three stages of 
development in 51 cm and 102 cm rows 
Treatment 
Stage of development 
102 cm rows 
Check 90 90 90 
0R-25C 88 88 84 
OR-5OC 8? 85 83 
25R-OC 89 88 87 
5OR-OC 90 87 86 
25R-25C 87 85 81 
25R-5OC 86 85 82 
5OR-25G 85 83 81 
5OR-5OC 85 77 78 
75D , 84 
Mean° 87 85 83 
51 cm rows 
Check 92 92 92 
0R-25C 90 90 89 
OR-5OC 90 90 84 
25R-OC 91 88 88 
5OR-OC 90 87 86 
25R-.25C 89 86 80 
25R-5OC 91 85 86 
5OR-25G 89 82 81 
5OR-5OC 85 81 72 
75D 86 
Mean 89 86 83 
^L8D = 5 cm at 0,05 probability level, 
^Excluding the check and defoliation values. 
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50R-50C treatment at stage 5 which shortened 5I cm rows 6 cm 
more than 102 cm rows. 
Defoliation, 25C and 50C significantly shorted plants in 
both row spacings (Table I5). No significant differences were 
observed between the check and stand reduction in 102 cm rows 
and only 5OR at stage 5 resulted in significant height reduc­
tions in 51 cm rows. Combined R-C treatments resulted in 
largest height reductions of all treatments. Significant dif­
ferences between 50R-50C and the check were measured at all 
stages of development. 
All treatments resulted in progressively shorter plants 
as stage of development at treatment advanced. Plants that 
were cut off at stage 5 were less capable of producing new 
branches largely because temperatures, photoperiod and age of 
the plants promoted reproductive rather than vegetative de­
velopment, Maturity data already presented suggested high 
temperatures acting in conjunction with low moisture produced 
early flowering. Plots matured an average of 8 days earlier 
in 1970 under these conditions than in I969 when cool, moist 
field conditions were prevalent. Less regrowth was accom­
plished by plants in 1970 than in I969 as demonstrated by 





Experiment II was designed to evaluate the Influence of 
simulated hall defoliation (D) and stem cut-off (C) on soy­
beans which differed in vegetative development at a given re­
productive stage. In designing the experiment, I was aware 
that it would be difficult to determine the exact contribution 
of variation in vegetative development at a given reproductive 
stage to variation in yield loss at that reproductive stage, 
due to confounding effects of varieties, planting dates and 
seasons. These variables were included in the experiment to 
provide the variation in vegetative development required for 
evaluation of its contribution to treatment effects. If the 
amount of vegetative development is to be considered an im­
portant criteria for adjustment of hall damage incurred during 
reproductive stages, its influence must be substantial and 
consistent across varieties and environments. 
In my experiment the number of nodes developed at a given 
reproductive stage was influenced by varieties, planting dates 
and seasons (Table l6), Differences between varieties contribu­
ted the most consistent amount of variation to vegetative 
stages (number of nodes). Earlier maturing varieties, Chippewa 
64 and Hark, had fewer nodes at beginning bloom (Rl) than 
did the later varieties. Harosoy Dt2 did not follow this 
trend, as it flowered an average of 4 days later than Harosoy, 
Table l6. Average node mam'bers at five stages of reproduction for the five varie 
ties grown at two planting dates, 19^9 and 1970 
Reproduc- Planting Number of nodes 
Year date Hawkeye Hark Chippewa 64 Harosoy Harosoy 
1969 1 6.6 6.2 5.8 6.2 7.0 
2 7.2 5.4 5.4 6.0 7.4 
1970 1 6,6 6.0 6.0 6,6 6,6 
2 7.0 5.4 5.0 6,0 7.0 
1969 1 8,6 7,0 6.6 8,0 8,2 
2 8,0 7.2 6.0 8.0 9.0 
1970 1 8,0 8.0 8,0 8,0 7.4 
2 9.0 8.0 7.0 8,0 8,0 
1969 1 10,6 10.8 10,0 10,6 10,6 
2 10,0 9.4 9.0 10.0 10,6 
1970 1 10.0 10.0 11,0 10,0 10,0 
2 11,2 9.8 9.2 9.8 10,6 
1969 1 14.6 15.4 15.0 14.0 13.0 
2 12,6 12,0 11,6 12,2 12,2 
1970 1 14,0 11,0 13.0 12,0 12.0 
2 14.0 12,0 13.0 12,0 12,0 
1969 1 15.4 15.4 15.0 15.3 13.4 






but matured 2 days earlier. 
In 1970 all varieties had 1 to 3 more nodes at R5 than at 
R4, In 1969 Hawkeye was the only variety which developed more 
nodes after R4. Excellent conditions for late vegetative 
development were created by heavy rains received in August 
1970. Largest range between the number of nodes for the varie­
ties grown at different planting dates was observed for r4. 
All varieties attained about 5-7 nodes at Rl, 8-9 nodes at 
R2 and 12-15 nodes at r4 under the conditions of my experience. 
Differences between varieties for the number of nodes pro­
duced at reproductive stages were nearly as large between 
seasons as between planting dates. In 1970 Hawkeye and Harosoy 
Dt2 developed more nodes at date 2 than date 1 at stages Rl 
through R3» These results indicated that factors other than 
photoperiod influence flower initiation. My results suggest 
that the low moisture supply and high temperatures tended to 
hasten reproductive development of date 1 in 1970. In most 
instances date 1, 1970 produced fewer nodes at reproductive 
stages 2 through 4 than date 1, 1969. Date 1 was planted ten 
days later in 1970 than in I969, yet varieties began flowering 
after attaining a similar number of nodes in both seasons. 
The number of nodes produced by the varieties when grown 
in date 2 were not greatly different between seasons. There 
were essentially no differences between seasons at Rl, R3 and 
R4 and only a slight tendency for more nodes to be developed 
at R2 in 1970 than in I969. 
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The early and late planting dates included in my experi­
ment to improve variation in vegetative development at a 
given reproductive stage were not as successful as desired. 
Evidently, the photoperiodic response I anticipated from 
alteration of planting dates was appreciably affected by 
seasonal variation in environment, particularly temperature, 
Buhr (4) conducted a planting date, variety and row spacing 
experiment during I969 and 1970 at Ames, Iowa and also found 
date of flowering was dependent on both varietal and environ­
mental differences. 
Yield 
I achieved considerable variation for yield and agronomic 
performance among varieties, planting dates, and years. The 
influence of years, planting dates and years x planting dates, 
significant for yield (Appendix Table 11), is reflected in the 
mean performance of check plots (Table 17)# Highest average 
yields were obtained for check plots at the early planting 
date for all varieties in I969 and for all varieties except 
Chippewa 6^• in 1970. Yields of all varieties in date 1, 1970 
were suppressed by warm, dry weather during June and July, 
Chippewa 64—an early. Group I variety— began flowering and 
completed a larger proportion of its reproductive development 
during the dry period than did the other varieties which 
flowered later. As a result, yields of Chippewa 64 from date 
1 were much more affected by the I97O weather than were the 
Table 17. Mean yield and agronomic performance of check plots of five varieties 
at two dates of planting, I969 and 1970 
Yield (kg/ha) 
Date 2^ Maturity" Lodging^ Height (cm)^ 
Date 1 Date Date Date Date Date Date 
Variety Year Date 1 Date 2 X 100 1 2 1 2 1 2 
Hawkeye 1969 3336 2515 75 23 31 2,2 2.2 98 92 
1970 3087 2461 80 19 32 2,0 3.5 88 101 
Mean 3212 2488 72 
Hark 1969 3403 2737 80 16 28 1.9 1.9 94 86 
1970 2831 2502 88 12 25 1.3 2.8 83 99 
Mean 3117 2620 84 
Chippewa 64 1969 2757 2556 93 8 21 2,2 2.2 87 78 
1970 2018 2273 113 4 19 1.6 2.8 70 94 
Mean 2388 2414 103 
Harosoy 1969 3504 2569 73 17 29 2,4 2.6 104 90 
1970 2831 2630 93 16 — — 2.3 3.8 86 100 
Mean 3168 2600 83 
Harosoy Dt2 1969 3315 2764 83 15 28 1.9 2.2 82 81 
1970 2824 2502 88 14 28 2.1 3.^ 77 94 
Mean 3070 2635 86 
&Yield of date 2 expressed as a percent of date 1, 
Measured in days after August 3I each year, 
^Scored from 1 (plants erect) to 5 (plants prostrate), 
^Measured from ground level to terminal node. 
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other varieties. Yields obtained for check plots of date 2 
of all varieties were not appreciably different between the 
two years of study. 
Averaged over years, simulated hail treatments imposed on 
the varieties at R2 and later stages of development produced 
significant yield reductions (Appendix Tables 12 and 13)• The 
varieties differed between planting dates for their response 
to treatments. Averaged over seasons, all varieties except 
Chippewa 64 and Harosoy Dtg, generally, had larger percent 
yield losses from treatments for date 2 than for date 1 (Table 
18). Chippewa 64 when treated at R2 and R4 was more severely 
damaged by treatments in date 1 than in date 2. Check yields 
of Table 17 indicated Chippewa 64 produced low yields in 
date 1, 1970 due to environmental stress. Some investigators 
have indicated mechanical damage of soybeans grown in stress 
environments is usually more severe than when grown in highly 
productive environments (39, 49). 
A portion of the loss differences observed between varie­
ties at a given reproductive stage may be due to variation 
in node number, which might alter recoverability of a variety. 
Varieties which could produce more nodes and leaves after 
receiving injury possibly could exhibit greater recoverability. 
However, loss differences measured for soybeans that differed 
in only 2or 3 nodes (E2-Chippewa 64, date 1 versus Hawkeye, 
date 2) may also be due, in part, to inherent differences in 
recoverability between varieties and the influences of 
Table 18, Seed yield expressed as a percent of check for 
treatments Imposed at three reproductive s^a^es 
with varying vegetative stages (node number), 
1969 and 1970 
Seed yield 





nodes 25c 50c 75D 
Stage HI 
1969 1 6.6 95 96 91 
2 7.2 88 81 78 
1970 1 6.6 98 92 88 
2 7.0 98 86 86 
Mean 1 6.6 96 94 90 
2 7.1 93 84 82 
1969 1 6.2 98 98 96 
2 5.4 95 86 81 
1970 1 6.0 97 94 90 
2 5.4 84 84 82 
Mean 1 6.1 98 96 93 
2 5.4 90 85 82 
1969 1 5.8 106 95 93 
2 5.4 94 83 85 
1970 1 6.0 91 83 86 
2 5.0 94 89 78 
Mean 1 5.9 98 89 90 
2 5.2 94 86 82 
1969 1 6.2 98 98 94 
2 6.0 99 90 88 
1970 1 6.6 99 88 95 
2 6.0 91 87 82 
Mean 1 6.4 98 93 94 
2 6.0 95 87 85 
1969 1 7.0 103 100 94 
2 7.^ 92 78 78 
1970 1 6.6 90 86 89 
2 6.0 94 86 85 
Mean 1 6.8 96 93 92 







(percent of check) 
No. 
nodes 
Treatment - R2 
No. 
nodes 
Treatment - r4 
25c 50c 75d 25c 50c 75d 
Stage r2 Stage r4 
8.6 99 90 86 14.6 97 80 69 
8.0 90 80 81 12.6 91 72 63 
8.0 90 81 80 14.0 88 72 66 
9.0 85 88 82 14.0 79 70 64 
8.3 94 86 83 14.3 92 76 68 
8.5 88 84 82 13.3 85 71 64 
7.0 97 100 91 15.4 91 80 67 
7.2 91 80 78 12.0 89 83 54 
8.0 92 89 84 11.0 91 74 67 
8.0 90 82 83 13.0 90 80 61 
7.5 94 94 88 13.2 91 77 67 
7.6 90 81 80 12.0 90 82 58 
6,6 90 91 86 15.0 92 73 56 
6.0 96 86 86 11.6 86 82 66 
8.0 78 70 63 13.0 75 57 49 
7.0 90 88 80 13.0 89 72 53 
7.3 84 80 74 14.0 84 65 52 
6.5 93 87 83 12.3 88 77 60 
8.0 100 93 86 14.0 91 80 72 
8.0 96 86 77 12.2 85 70 64 
8.0 92 75 87 12.0 86 68 61 
8.0 87 85 83 12.0 80 63 66 
8.0 96 84 86 13.0 88 74 66 
8.0 92 86 80 12.1 82 66 65 
8.2 94 82 80 13.0 84 73 52 
9.0 86 75 74 12.2 87 68 55 
7.^  95 74 72 12.0 84 68 52 
8.0 90 81 86 12.0 91 80 66 
7.8 94 78 76 12.5 84 70 52 
8.5 88 78 80 12.1 89 74 60 
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environment on recoverability. Camery and Weber (5) have 
suggested that environmental conditions immediately preceding 
and after treatment are critical factors in determining the 
amount of recoverability from injury. 
I found no consistent relationship between vegetative (V) 
stage at treatment and relative yield loss at each reproductive 
(R) stage (Table 18). Percent yield losses for treatments were 
related more to differences between varieties, planting dates 
and seasons than to the V stage at a given R stage. Largest 
variation of V stage within an R stage was measured between 
seasons for date 1 of Hark at R4. In I969, Hark developed 
4-.4 more nodes than in 1970. Yet, percent of yield loss due 
to treatments was the same in both seasons, suggesting V stage 
at treatment of R4 did not influence the percentage of yield 
loss measured for Hark. Other varieties did not have enough 
variation in V stages to warrant this type of comparison. 
Because variation between V stages for varieties was 
small, several varieties developed the same number of nodes 
at a given R stage regardless of planting date or seasonal in­
fluences. Examination of Harosoy at R2 Indicated it had the 
same V stage in both planting dates of I969 and 1970 (Table 
18). The average treatment effect of Harosoy in date 2, I969 
was the same as that for both dates 1 and 2 of 1970 (15 per­
cent loss), but 10 percent less loss was recorded for date 1, 
1969* Much of the treatment differences for Harosoy between 
date 1, 1969 and date 1, 1970 is attributable to the large 
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loss measured for ^OC in 1970. Other comparisons of this 
type (Hark, Harosoy Dtg, Chippewa 64—date 1 versus date 2 
at r4, 1970) indicated variation in yield loss from treatments 
was largely related to planting date and season and not to 
V stage at treatment. 
Simple correlation coefficients were calculated between 
vegetative stages and the amount of yield loss attained by 75D 
at reproductive stages 1, 2 and 4 (Table 19)• None of the co­
efficients calculated approached the values required for sig­
nificance, although significant yield losses were measured 
for all varieties at R2 and R4 (Appendix Tables 12 and I3). 
The amount of variation for vegetative stage was small, which 
undoubtedly influenced the low coefficients attained. 
Several investigators have indicated large seed yield 
losses result from plant injury imposed during seed formation 
(5» 27» 49). Walker (45), working in Arkansas during 1969 and 
1970f conducted a simulated hail study which included 5OC and 
750 imposed on determinate varieties that completed most of 
their vegetative development by R2. He found treatments at 
R4 reduced yields of Lee and Hill by I6 percent, but that the 
same treatments at R2 caused 10 percent yield losses. 
In my experiment, yield loss from treatments increased 
as reproductive and vegetative development advanced. Vegeta­
tive and reproductive stages are positively correlated because 
both vegetative and reproductive development occur simultane­
ously in the Midwest. Thus, from my data it is not possible 
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and amount of yield loss 
stages 1, 2 and 4 
between vegetative 
observed for repro-
Stage Date 1^ Date 2 
Dates 
combined 
HI -.13 .14 -.14 
R2 .13 .42 .16 
R4 
-.03 .18 -.11 
= 10; coefficient of .576 required for significance at 
0,05 probability level, 
^-n = 20; coefficient of ,423 required for significance at 
0,05 probability level. 
to conclude whether reproductive or vegetative stage of treat­
ment is most critical. 
The effects of simulated hail treatments upon soybeans 
which differed in stem termination were evaluated by including 
the isolines, Harosoy and Harosoy Dtg in the experiment, 
Harosoy Dtg produced about 2 less nodes than Harosoy, and was 
more severely affected by treatments (Table 20). The extra 
nodes produced by Harosoy did not appear to contribute a sig­
nificant amount of seed towards final yield. The upper one or 
2 nodes of Harosoy and the other indeterminate varieties gen­
erally produced small, usually unfilled pods. However, leaves 
at later developed nodes of Harosoy and other indeterminate 
varieties could have contributed photosynthate to aid recovery 
from injury. My results indicate differences in stem 
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Table 20, Mean yield performance of the two planting dates 
for Harosoy and Harosoy Dt2 averaged over years 
expressed in kg/ha and as a percent of check 





1 date 2 
harosoy dt2 
date 1 date 2 
stage kg/ha % kg/ha % kg/ha % kg/ha % 


















































































^Average of checks included for each stage treated. 
termination did not appreciably alter treatment response at 
Rl, but the determinate line was more affected by ^OC and 
75D at later stages, except for R4, date 2, 
There were definite seed size differences between Harosoy 
and Harosoy Dt^ during I969 (Table 21), Seed size was mea­
sured only for 0, 5OC and 75D of planting date 1, I969, No 
significant differences for seed size were found between the 
treated plots and the check plots of Harosoy, but defoliation 
of Harosoy Dtg resulted in smaller seed for all stages. Date 
Table 21, Mean seed size (g/lOO whole seeds)^ and number of seeds per kg for the 
five varieties grown at date 1, I969 
Mean seed size and number of seeds per kg 
Treat­
ment Stage 




Wt. No. Wb. No. Wt. No. Wt. 
C 
No. 
Check All^ 16.8 5954 16.2 6174 15.6 6411 17.9 5588 18.1 5526 
50c HI 16.1 6212 15.4 6495 15.9 6290 18.0 5557 17.9 5588 
75D 16.1 6212 15.5 6453 16.0 6251 17.5 5715 17.5 5715 
50c R2 16.5 6062 15.8 6330 15.3 6537 18.1 5526 17.7 5651 
75D 16.0 6251 15.9 6290 15.9 6290 17.7 5651 17.2 5815 
75D R3 15.8 6330 15.6 6411 16.5 6062 17.5 5715 17.1 5849 
50c 16.7 5989 16.0 6251 16.5 6062 18.0 5557 18.3 5466 
75D 15.7 6371 14.8 6758 13.0 7694 17.2 5815 14.8 6758 
&L8D = 0.6 at 0.05 level of probability. 
^Seed weight ~ g/lOO seeds. 
^Number of seeds/kg. 
^Average of checks included for each stage treated. 
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1 of Harosoy produced 460 kg/ha more total yield than Harosoy 
Dtg when treated with 75D at (Table 20). Much of the dif­
ferences between seed yield effects of 75D on Harosoy and 
Harosoy Dt^ can be attributed to smaller seed produced by 
Harosoy Dtg. Approximately 57 percent of the 460 kg/ha differ­
ence between the two varieties was a result of larger seed 
produced by Harosoy. 
Treatment effects for Chippewa 64 were similar to those 
observed for Harosoy Dtg (Table 18). Significant seed size re­
ductions were measured only at r4 for Chippewa 64 (Table 21). 
At other stages of development, yield losses for Chippewa 64 
were due to reduced seed set. The other varieties also tended 
to produce smaller seed when treated, but the yield losses 
observed for other varieties were primarily a result of fewer 
seeds produced. 
The 750 treatment was more severe than stem cut-off in 
my experiment. Stage R4 was the most critical stage of devel­
opment at which treatments were imposed in both years and at 
both planting dates. Kalton et al. (27) studied the effects 
of 75D imposed on Richland at stages which corresponded to my 
r2 and r4. Walker (45), working in Arkansas during I969 and 
1970 with Lee and Hill varieties, conducted an experiment in­
cluding 75D at r2 and R4. Losses expressed as a percentage 
of check that were observed by Walker (45) and Kalton et al. 
(27) are compared with my results in Table 22. 
Losses obtained at stage R2 by Walker (45) and at a 
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Table 22. Mean yields expressed as a percent of check for 
75D of the five varieties at date 1, Experiment II, 
combined I969 and 1970 compared with results from 
75D in other experiments (5f ^5) 
Mean yields of check) 
Variety R1 R2 R3 RU 7^ 
Hawkeye 90 83 94 82 68 
Hark 93 88 87 80 67 
Chippewa 6k- 90 74 76 52 
Harosoy 94 86 82 66 
Harosoy Dtg 92 76 72 52 
Lee& 85 82 
Hill® 88 86 
Richland^ 85 64 
^•Adapted from Walker, T. W. (45)» 
^Adapted from Kalton et al. (27). 
^Obtained in Experiment I. 
^R2 and R4 are similar to 5 and 7, respectively. 
similar stage by Kalton et al. (27) were similar to the losses 
I measured for Harosoy, Hawkeye and Hark. The losses I ob­
served with Harosoy, Hawkeye and Hark defoliated at R4 agree 
reasonably well with the losses measured for Richland. Haro­
soy Dt2 and Chippewa 6^• were more severely damaged by 750 than 
were the other varieties in my experiment or any varieties in­
cluded in the other experiments. 
Yield losses recorded by Walker (^5) for 750 at stage R4 
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were much smaller than those observed either by Kalton et al. 
(27) or in my experiment. The differences between Iowa and 
Arkansas results may be attributable to differences in leaf 
area remaining on the plant after defoliation and also dif­
fering growth patterns between northern and southern grown 
soybeans. 
The southern determinate varieties utilized by Walker 
produced larger leaves than the varieties in my experiment 
(Table 23). Removal of 75 percent of the leaf area of Lee 
probably resulted in proportionally more leaf area remaining 
on the plant to function in photosynthesis. Varietal differ­
ences for photosynthetic rate have been found by Domhoff and 
Shibles (12). Such differences, if present between Lee and 
the varieties of my experiment, would influence the response 
to defoliation, but I would expect the large differences in 
leaf area to be more important. The environment in which the 
Arkansas experiment was conducted was also greatly different 
from the Iowa environment and may have influenced the differ­
ence in losses reported between locations. 
Southern varieties exhibit a different pattern of develop­
ment than do northern varieties. Southern varieties tend to 
complete vegetative development prior to flowering, while 
northern varieties continually produce new nodes and leaves 
during reproduction—up until about r5« At r4, my varieties 
were filling lower pods, but a few flowers were still present 
in the stem apex, Intraplant competition for photosynthate 
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Table 23. Individual leaf area leaf area remaining 
/leaf after 750 at R4 and yield (kg/ha) and as a 
percentage of check for five varieties at date 1, 
Experiment II, I969 and for the Lee variety of 
Walker^ 
Leaf area (cm^) Yield 
Before After % of Check 
Variety defoliation defoliation check kg/ha 
Hawkeye 135 54 68 3212 
Hark 83 35 67 3117 
Chippewa 64 115 49 52 2388 
Harosoy 104 41 66 3168 
Harosoy Dt2 141 57 52 3070 
Lee^ 226 90 82 2219 
&Total leaf area of 30 random leaves/variety. 
talker, T. W., Department of Agronomy, University of 
Arkansas, Payetteville, Arkansas. Simulated hail damage of 
determinate soybeans, (private communication) 1971. 
might be expected to be at a higher level for northern than 
for southern soybeans. All varieties of my experiment, in­
cluding Harosoy Dtg, were still producing nodes at R4. Simul­
taneous reproductive and vegetative development could create 
opposing sinks for the available photosynthate and could have 
contributed to the larger yield losses from treatments measured 
in my experiment. 
Crop hail insurance personnel are particularly interested 
in the losses I observed at reproductive stages 3 and 5. 
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Previous research has not included, treatments at these stages 
of development. Hail loss adjustment charts have been made by-
assuming a linear relationship for losses observed between 
stages 2 and 4 and between stages 4 and 6. My results indicate 
losses from treatments at R3 and R5 do not follow a linear 
pattern. At R3f 75D is not as detrimental to yield as would 
be expected if linearity were assumed. Losses at R5 tend to 
be more severe than anticipated on the basis of linearity. 
Leaf area removed 
In 1969# a test was conducted to evaluate the amount of 
leaf area actually being removed by defoliation of the field 
plots and to measure the amount of variation between persons 
imposing the treatment. Thirty random trifoliolates were 
sampled from the border rows of each variety at r4 and were 
subdivided into terminal and lateral leaflets. The area of 
each leaflet was measured by a Paton electronic planimeter 
before and after tearing away 75 percent of its area. 
The defoliation treatment was less severe than antici­
pated, as only about 60 percent of the leaf area was removed 
from all varieties instead of the 75 percent intended (Table 
2^). Leaf size was different between varieties. Definite 
differences in leaf shape also existed between varieties as 
Hark and Harosoy produced narrow, oblong leaves while the 
other varieties developed eliptical shaped leaves. 
Significant differences between persons imposing the 
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Table 24. Leaf area (cm^) and amount of leaf area removed 
(percentage) by two persons at R4, 19^9 










Hawkeye 135 60 63 62 
Hark 83 56 59 58 
Chippewa 64 115 56 59 58 
Harosoy 104 57 63 60 
Harosoy Dtg l4l 56 64 60 
^LSD =4.5 percent at 0.05 probability level, 
^LSD = 14 cm^ at 0,05 probability level. 
treatments were found for the amount of leaf area removed 
(Appendix Table 14). Largest variation between persons was 
shown for Harosoy and Harosoy Dtg (Table 24). Averaged over 
persons, there were no differences among varieties for the 
amount of leaf area removed. 
The defoliation method involved folding the trifoliolate 
and then tearing away an estimated 75 percent of the leaf area, 
I believed there was a tendency to remove a larger percentage 
of the terminal leaflet area than the lateral leaflet area. 
However, significant differences for treatment of leaflet 
types were observed only for Hawkeye and Harosoy Dtg (Table 
25). The varieties produced variable leaf and leaflet sizes. 
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Table 25. Mean leaflet area (cm^) for the five varieties 
"before and after treatment. Data are means of 
30 random leaflets per variety 
Leaflet area (cm^) 
Untreated^ Treated^ 
Variety Terminal Lateral Terminal Lateral 
Hawkeye 44 47 19 16 
Hark 27 29 12 11 
Chippewa 64 37 40 17 15 
Harosoy 32 40 14 13 
Harosoy Dtg 45 50 20 17 
&L8D = 4,8 cm^ at 0,05 probability level, 
^SD = 2,2 cm^ at 0,05 probability level, 
but tended to develop a characteristic leaf shape. Lateral 
leaflets were larger than terminal leaflets of all varieties. 
In general, leaflet shape and size did not influence the 
leaflet area removed by defoliation of the varieties. 
Protein and oil 
In 1969, seed from each replication of check, 5OC and 
75D treatments imposed on the varieties in date 1 was analyzed 
for protein and oil percentage. Differences among varieties 
and treatments for both protein and oil percentages were 
found (Table 26), Significant treatment effects on protein 
and oil were measured for all varieties treated with 75D at 
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DP Protein Oil 
Replications 2 0.095 0.316 
Varieties (V) 4 7.786** 2.257** 
Error (a) 8 0.618 0.273 
Treatments (T) 7 6.064** 1.247** 
T X V 28 0.623 0.206 
Error (b) 70 0.423 0.154 
CV(#) 1.6 1.8 
**Signifleant at 0.01 probability level. 
R4 (Table 27). Oil percentage of all varieties, except 
Chippewa 64, was significantly increased and protein percentage 
for all varieties was decreased when treated with 750 at r4. 
Chippewa 6^• showed significant decreases in both protein and 
oil for 750 at R4. No significant differences in protein and 
oil were measured for ^OC at any stage of treatment. 
My results for oil percentage are opposite those of 
Camery and Weber (5)» They obtained significant reductions in 
oil percentage by lOOD of Richland at stages 1, 3t 5t 7 and 9» 
They obtained largest reductions in oil percentage at stage 7, 
which is similar to my R4. The other treatments of their 
Table 2?. Mean chemical performance of five varieties for check, 5OC and 750 










Harosoy Harosoy Dto 
P 0 
Check 42.9 21.5 42.7 22.2 43.0 22.0 42.0 21.7 41.9 21.7 
HI 50c 42.0 21.1 42.1 22.1 42.3 21.9 42.2 21.2 41.3 21.7 
75D 42.3 21.2 43.3 22.1 42.9 21.7 42.6 21.5 41.8 21.6 
R2 50c 42.2 21.7 42.5 21.9 42.7 21.8 41.8 21.5 41.4 21.9 
75D 42.7 21.0 42.7 22.3 42.6 21.5 41.8 21.4 41.7 21.9 
R3 5OG 42.2 21.5 43.3 22.1 42.9 21.3 41.4 22.0 40.3 22.4 
R4 50c 42.2 21.6 42.5 22.4 44.0 22.1 41.7 21.6 42.0 21.5 
75D 41.4 22.3 41.0 23.0 40.5 21.1 40.8 22.3 39.4 22.6 





experiment, 50D and 0, 25» 50» 75 and 100 percent stem break­
age, had no effect on oil percentage. Their analysis for 
protein indicated lOOD at stages 1, 3 and 5 increased protein, 
but at stage 7 had no effect. At stage 9» lOOD reduced pro­
tein one percent. Stem breakage had no effect on protein per­
centage in their experiment. 
Kalton et al. (27) found oil percentage of Richland was 
not altered by 75D at stage 7, but was reduced by lOOD at 
stages 7 and 9. Protein percentage was not affected by 
treatments in their experiment. McAlister and Krober (31) 
found both protein and oil percentages of the seed were de­
creased by 80 percent defoliation of Hawkeye and Lincoln 
varieties. They also removed 10, 20, 30» 40 and 80 percent of 
the pods and found protein percentage of the seed Increased 
with each increase in pod removal, but oil percentage decreased. 
There is little agreement between simulated hail studies 
for the effects of stem cut-off and defoliation treatments on 
protein and oil percentage. Protein and oil are characteris­
tic for each variety and are strongly influenced by environ­
ment (31). My data were taken when environmental conditions 
were favorable for soybean development, and are strictly repre­
sentative of such an environment. 
Maturity 
Treatments did not consistently alter maturity when com­
pared to the check, even though large variation was introduced 
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by differences between varieties and planting dates (Appendix 
Tables 15 and 16). Defoliation hastened maturity by a maximum 
of 3 days (Chippewa 64, date 1, r4) yet delayed maturity by 
2 days in another instance (Hark, date 1, R1 and R2), Maturity 
was not influenced by either level of stem cut-off. 
Significant differences were measured between varieties 
and between planting dates. The difference between the 
earliest (Chippewa 64) and latest variety (Hawkeye) was 15 
days in date 1 and 12 days in date 2, indicating later plant­
ing reduced variation between varieties. 
Averaged over years, varieties did not respond similarly 
to treatments. Treatments had no effect upon maturity of 
Hawkeye and Harosoy at either planting date. Maturity of 
Harosoy Dtg was not affected by treatments in date 1, but 
maturity at date 2 was hastened 2 days by 75D at HI and r4. 
Chippewa 64 was not affected by treatments, except at R4, 
where 75D hastened maturity 2 days in date 2 and 3 days in 
date 1, 
Other investigators have shown that defoliation at later 
stages of development hastens maturity (5, 27). I did not 
obtain treatment differences as large as previously reported 
(5)' The varieties of my experiment did not all respond 
similarly to treatment. Of the five varieties, maturity of 
two (Hawkeye and Harosoy) was not affected by treatments. Two 
varieties (Chippewa 64 and Harosoy Dtg) were hastened by 75D, 
and the other (Hark) was delayed 2 days by 75D at R1 and R2. 
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Most sipçnifleant differences obtained were small (1 or 2 
days) and were not of much practical Importance, 
Lodging 
Stem cut-off and defoliation reduced lodging of all 
varieties in both planting dates during the two years of 
study (Appendix Tables 1? and 18). A large range of lodging 
scores was obtained from differences in planting dates, varie­
ties and seasons. In I969, there were no differences In lodg­
ing between planting dates when scores were averaged over all 
treatments, but differences were obtained between varieties 
(Appendix Table I9), However, In 1970 severe lodging was 
measured for planting date 2, and large differences were ob­
tained between varieties and treatments. Lowest lodging 
scores of the experiment were recorded for planting date 1, 
1970. 
Large differences for lodging were recorded between 
varieties. Harosoy lodged consistently worse than the other 
varieties, and Hark stood the best of all varieties. Lodging 
score differences between checks of Hark and Harosoy averaged 
about 1,0 in both dates during 1970 and about 0,5 to 0,7 in 
1969. 
Averaged over varieties, planting dates and stages, stem 
cut-off reduced lodging to a lesser degree than did defolia­
tion. When low lodging scores were attained (Hark at date 1, 
1970), no treatment effects from cut-off or 750 were 
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measurable. With severe lodging (Harosoy, date 2, 1970) 
large treatment effects were measured for all treatments. 
The 50c treatment more consistently reduced lodging than 
did 25c. For planting date 1, when averaged over yemrs, 25C 
resulted in lodging reductions at R2 for Chippewa 64, Harosoy 
and Harosoy Dtg. For planting date 2, 25C of all varieties 
except Hark significantly reduced lodging at Rl, but only 
Harosoy and Harosoy Dtg were affected, at R2. Neither level of 
cut-off produced large effects on lodging at R4, primarily be­
cause plants had completed most of their vegetative develop­
ment by the time treatments were imposed. Plants which were 
not damaged and those that were cut-off at r4 did not exhibit 
as much branching and regrowth as plants cut-off at earlier 
stages. 
Averaged over years, 75D resulted in reductions of lodg­
ing for all varieties at all stages treated (Appendix Tables 
17 and 18), However, differences between the two years were 
large. Only small differences between 750 and the checks were 
observed in I969, but large lodging reductions between treat­
ments were measured in 1970. Kalton et al. (27) reported 
lodging was significantly reduced by 75D.and lOOD at stages 
5 and 7» My planting date 1 would correspond most closely to 
their experimental conditions. At planting date 1, averaged 
over years, I obtained significant lodging reductions from 
75D of all varieties except Hark at R4 (their stage 7)» Again, 
Hark showed little effect of treatment because Hark normally 
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stands well. 
Camery and Weber (5) obtained data for lodging in their 
study with Richland, but did not present results. They be­
lieved lodging data obtained from simulated defoliation and 
breakage were not applicable for evaluation of lodging result­
ing from an actual hailstorm. However, they indicated that 
breakage increased lodging, particularly as the plants ap­
proached maturity (stage 9)* Weight of pods and beans would 
not allow the plant to regain an upright position as they had 
observed for earlier stages of treatment (stages 1 and 3)• 
Height 
Average plant height at maturity obtained from simulated 
hail treatments imposed on the five varieties grown in 2 
planting dates are shown in Appendix Tables 20 and 21. Both 
stem cut-off and defoliation reduced plant height. Signifi­
cant height reductions were measured for all three treatments, 
but defoliation generally resulted in most consistent height 
reductions. Treatment effects measured were influenced by 
the highly significant years x dates interaction (Appendix 
Table 22). 
All varieties except Harosoy Dt2 were taller when planted 
at date 1 than at date 2 in I969, but in 1970 plant heights 
measured for the 2 planting dates were exactly opposite I969 
(Table 28). Average plant height of Harosoy Dt^  was not dif­
ferent between planting dates in 1969, "but in 1970 heights of 
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Table 28. Mean plant height averaged over treatments and 
number of nodes (R4) averaged over seasons for 
five varieties and two planting dates during 1969 
and 1970 
Planting 
Plant height (cm) 
Year Number 
of 
Variety date 1969 1970 Mean nodes 
Hawkeye 1 98 86 92 14,3 
2 86 95 90 13.3 
Hark 1 93 77 85 13.2 
2 80 92 86 12,0 
Chippewa 64 1 85 69 77 13.3 
2 75 89 82 12.3 
Harosoy 1 99 83 91 13.0 
2 87 98 92 12.0 
Harosoy Dt« 1 78 74 76 12,5 
2 76 90 83 12.1 
Mean years 86 85 
Harosoy Dt^  followed the trend of other varieties. Averaged 
over years, planting dates and treatments, plant heights of 
Hawkeye and Harosoy were not different from each other and 
both were significantly taller than Hark, Chippewa 64 and 
Harosoy Dtg were shorter than Hark, 
Differences for plant height between varieties were not 
related to the number of nodes developed (Table 28), Averaged 
over seasons, Harosoy and Hawkeye were essentially the same 
height at both dates and were the tallest varieties in the 
experiment, Harosoy, planted at date 2, developed the fewest 
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nodes of all varieties and Hawkeye, planted at date 1, de­
veloped more nodes than other varieties. All varieties pro­
duced about 1 less node for planting date 2 by stage r4 than 
when planted at date 1. The number of nodes developed (V 
stage) by Chippewa 64- and Harosoy Dtg, the shortest varieties 
of the experiment, was not appreciably different from the 
(V stage) other varieties. 
The 75D treatment reduced plant height for all stages 
treated in both planting dates. Varieties responded differ­
ently to 750» with the taller varieties, Hawkeye and Harosoy, 
showing largest height reductions at R1 (Table 29). Chippewa 
64 and Harosoy Dtg were not appreciably influenced by 75D at 
Rl, but were significantly shortened at R5. Defoliation at 
R4 and R5 reduced the height of all varieties except Harosoy 
Dt2, but reductions were smaller than at earlier stages of 
treatment. 
Walker (^ 5)» working in Arkansas with early planted Lee 
and Hill soybeans during I969» imposed 50C and 750 at R2 and 
R4. He reported that all treated plots were slightly shorter 
than check plots, but that the differences were less than 10 
cm. He found largest height reductions for 75D. 
Kalton et al, (27) imposed 75D on Richland soybeans but 
did nob obtain significant differences for any stages treated. 
Their 5 stages of treatment ranged from stage 1 (early vegeta­
tive, 2 nodes) to stage 9 ("green bean"). However, in their 
experiment lOOD reduced plant height at stages 1 through 7» 
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Table 29. Plant height (cm) averaged over years for 75D 
Imposed on the five varieties in date 1 
Plant height (cm) 





Check 94 88 79 95 79 
El 88 78 79 87 74 
R2 86 84 74 88 72 
R3 89 84 72 84 66 
R4 89 80 76 90 78 
R5^  85 79 71 87 80 
1^970 values only, check means (cm) are Hawkeye - 89, 
Hark - 83» Chippewa 64 - 70» Harosoy - 86, and Harosoy Dt« 
77. 
with largest reductions (I5 cm) occurring at stage 5» which 
corresponds to my R2. 
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GENERAL DISCUSSION AND CONCLUSIONS 
The effects of stand reduction, stem cut-off and defolia­
tion damage on yield and agronomic performance of soybeans 
have been previously evaluated in simulated hail experiments 
(5, 16, 27, 46, 49). My experiments were designed specifically 
to add information concerning variables which have not been 
studied previously. The experiments were conducted to deter­
mine (1) if recoverability from hail Injury is influenced by 
row spacing and variety, (2) if row spacing x hail treatment 
or variety x hail treatment interactions exist, and (3) how 
differences in vegetative-reproductive development relation­
ships would influence response to simulated hail treatments. 
In this section of the manuscript I will attempt to relate the 
results from the two experiments and derive conclusions or 
recommendations suggested by the data. 
Numerous investigations in the Midwest have shown soy­
bean production in narrow rows results in yield advantages 
over standard 1 m spacings (7» 30, 32, 36, 48, 51)» In­
creased yields from narrow rows are due, in part, to improved 
plant distribution for a given area (38). In my experiment, 
higher yields were obtained for untreated plots of 51 cm rows 
than in 102 cm rows during the three years of study. In­
creased yields of 5I cm rows resulted from more seed rather 
than larger seed (Appendix Table 23). 
It was hypothesized that different row spacings might 
93 
alter response of soybeans to simulated hail. However, the 
influence of row spacing on recoverability was small when 
treatments in 51 cm rows were compared, as percentages of the 
check, to treatments in 102 cm rows. It should not be neces­
sary to consider effects from row spacings when determining 
losses from hailstorms. Averaged over years, responses of 
soybeans to stand reduction, stem cut-off and defoliation were 
influenced more by environmental variation and differences 
between varieties than by differences between row spacings. 
Only small yield losses from treatments were measured in 
either row spacing when environmental conditions favored 
soybean development and recoverability from injury. Stand 
reduction caused larger losses in 102 cm rows of Hark than 
in either spacing of Hawkeye, and in general, was more 
detrimental to yield than stem cut-off. 
Other simulated hail studies have found no difference 
between varieties in response to hail damage (27, ^ 5)i al­
though the investigators have indicated it is logical to 
assume varietal differences do exist. I found significant 
variety x treatment interactions in both experiments conducted. 
In Experiment I, Hark was damaged 3 percent more than Hawkeye 
when treatment effects were averaged over row spacings and 
years of study. Large differences between varieties for 
treatment responses existed in Experiment II. Chippewa 6k, 
an early maturing variety was more severely damaged by 750 
than were later varieties. Harosoy was not as severely 
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affected by treaments at R4 and R5 as was Harosoy Dtg. 
Differences for treatment response between varieties 
suggest adjustment procedures should be altered to accommo­
date genotypic variation for recoverability to hail damage. 
Such alterations could prove beneficial in improving equity 
of hail damage adjustment between different varieties. 
Numerous genotypes and cultural practices are currently 
available and more will be available each year for soybean 
production in the Midwest, Considerable research would be 
necessary to specifically determine responses to hail damage 
of all varieties under various production systems. Therefore, 
I believe it is more reasonable to maintain loss adjustment 
charts based on the average situation and deviate from the 
average only if the circumstances demand special attention. 
I found inconsistencies in the results of the two experi­
ments, for the common varieties and treatments included in 
each (Hawkeye and Hark—check, 25C, 5OC, 75D)• Losses ob­
tained for Hark at stage 5» Experiment I and stage R2, 
Experiment II (R2 and 5 are similar stages), were nearly the 
same. However, Hawkeye was more severely damaged in Experi­
ment II than in Experiment I. The two experiments were planted 
adjacent to each other and were treated in essentially the 
same manner both years. Both experiments were planted at 
approximately the same time and treatments were imposed 
similarly. 
The differences between results of Experiments I and II 
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may be due, in part, to differences in field plot technique. 
Most simulated hail experiments have been conducted with 
single row plots (5, 27, ^ 5f 6^, 49), Single row plots were 
utilized in Experiment II and three-row bordered plots in 
102 cm rows of Experiment I. In the single row plots any 
treatment which placed the plot at a competitive advantage 
or disadvantage could have influenced the results obtained. 
Check plots, if adjacent to heavily damaged plots, would have 
a competitive advantage. Check yields of Hawkeye were much 
higher in Experiment II than in Experiment I, probably due 
to reduced competition from adjacent treated plots. For 
Hawkeye, losses observed in Experiment II may be larger than 
actual losses due to the inflated check yields. Hark was not 
affected by variation in plot technique because it is notably 
a poor competitor and due to growth habit does not exhibit 
much competition in 102 cm rows. Differences in competitive 
ability among varieties may influence the amount of yield 
loss measured from treatments and change treatment responses 
between varieties. 
Vegetative stage at a given reproductive stage did not 
have a large influence on the amount of yield loss measured 
from treatments. Treatment effects were more related to 
differences between varieties, planting dates and seasons 
than to vegetative stage. My data suggest that once plants 
reach a particular reproductive stage, the vegetative stage 
can be disregarded for purposes of adjusting hail losses. 
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APPENDIX 
Appendix Table 1, Mean squares from the analyses of variance for yield in 1968, 





variation DP^  1968 1969 1970 1968-1970 
Year (Y) 2 
3606 
1019495** 
Replications 2 6 45768 35468 28281 
Row spacing (S) 1 1 3663397** 881200** 2032778** 6099778** 
Y X S 2 237792 
Error (a) 2 6 21494 5986 16016 14494 
Varieties (V) 1 1 1154191** 1527009** 10506 1940145** 
S X V 1 1 I6728O** 60215** 192184** 398052** 
Y X V 2 375783** 
Y X S X V 2 10814 
Error (b) 4. 12 9554 4594 6628 6925 
Stage (D) 2 2 37749** 99194** 533978** 498217** 
Reduction (R) 2 2 125391** 102601** 214730** 427774** 
Cut-off (C) 2 2 19487** 45609** 47428** 103530** 
D X R 4 4 4286 15370** 49770** 55577** 
D X G 4 4 5139 4894 32076** 24072** 
R X C 4 4 3554 2178 8560* 5586 
D X R X C 8 8 15249** 5357 • 7330* 6412 
S X D 2 2 11218* 1290 8076 726 
S X R 2 2 1511 6805 835 2516 
S X C 2 2 475 
1874 
6098 733 2113 
S X D X R 4 4 3905 7494 6731 
S X D X C 4 4 1328 1102 6784 5573 
S X R X C 4 4 2336 3043 1143 935 
•^Applies to individual analyses only. 
A^pplies to the combined analysis, 
*, ^ «Significant at the 0.05 and 0.01 probability levels, respectively. 
Appendix Table 1, (Continued) 
Mean squares 
Source of 
variation Dpa DF^  1968 1969 1970 
Combined 
1968-1970 
S X D X R X c 8 8 4820 5156 3296 2417 
V x D  2 2 5254 7847 20432** 14017* 
V X R 2 2 32139** 2316 19121** 42710** 
V X C 2 2 3236 3252 2197 2030 
V X D X R 4 4 1047 2696 7346 3306 
V X D X C 4 4 2728 2486 275 889 
V X R X C 4 4 4360 6370 129_8 1518 
V X D X R X c 8 8 2862 4012 1459 2620 
S X V X D 2 2 426 6298 4211 7069 
S X V X R 2 2 6o4 3499 1978 1788 
S X V X C 2 2 8457 2473 419 5770 
S X V X D X R 4 4 2437 1625 3544 
8 X V X D X C 4 4 4l6o 2451 5196 
S X V X R X C 4 4 5119 4396 1774 
S X V X D X R X C 8 8 2437 4190 5784 
Y X D 4 86353** 
Y X R 4 7474 
Y X C 4 4496 
Y X D X R 8 6924* 
Y X D X C 8 9019** 
Y X R X C 8 4353 
Y X D X R X G 16 10762** 
Y X S X D 4 9929* 
Y X S X R 4 3318 
Y X S X C 4 2596 
Y X S X D X R 8 3271 
Y X S X D X C 8 1820 
Y X S X R X C 8 2793 
Appendix Table 1. (Continued) 
Mean squares 
Source of Combined 
variation DP^  DP° 1968 I969 I97O 1968-1970 
Y X V X D 4 9258* 
Y X V X R 4- 5433 
Y X V X C 4 3323 
Y X V X D X R 8 3891 
Y X V X D X C 8 2300 
Y X V X R X C 8 5255 
Y X S X V X D 1932 
Y X S X V X R 4 2146 
Y X S X V X C 4 2790 
Error (o) 208 716 3553 3126 3338 3411 
C.V. (%) 6.3 5.3 6.3 6. 
Appendix Table 2, Mean yields (kg/ha) for treatments Imposed 
at three stages of development on Hawkeye 
and Hark grown In 102 and 51 cm row spac-











102 cm 51 cm 
stage 1968 1969 1970 
1968-
1970 1968 1969 
0 0 1,3,5 2716 2919 2977 2871 3200 3332 








































































































































































S^D = 308 kg - 1968; 289 kg - 1969; 302 kg - 1970; 176 
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Appendix Table 3» Mean yields expressed as a percent of check 
yields for treatments imposed at three 
stages of development on Hawkeye and Hark 
grown in 102 and 51 cm rows, I968, 1969, 
1970 and 1968-1970 combined 
Hawkeye 





(^ ) stage 1968 1969 1970 
1968-
1970 1968 1969 
0 0 1.3,5 100 100 100 100 100 100 
0 25 1 98 106 101 102 101 110 
3 93 112 96 100 106 105 
5 96 102 94 97 93 100 
0 50 1 90 107 101 99 98 98 
3 96 99 89 95 96 98 
5 97 104 90 97 93 94 
25 0 1 94 104 99 99 98 102 
3 100 105 98 101 105 96 
5 98 102 94 98 97 98 
50 0 1. 90 108 100 99 100 98 
3 95 102 95 97 91 98 
5 94 94 80 89 92 95 
25 25 1 90 106 103 100 98 97 
3 99 104 90 98 98 107 
5 91 100 88 93 102 89 
25 50 1 105 106 103 105 106 92 
3 95 104 93 97 96 95 
5 96 98 78 91 92 88 
50 25 1 98 106 101 102 100 100 
3 92 103 89 95 97 95 
5 91 91 79 87 95 86 
50 50 1 96 98 105 100 94 91 
3 95 104 87 95 105 96 
5 85 89 72 82 87 86 
109 
Hark 
102 cm 51 cm 
1968- 1968- 1968 
1970 1970 1968 1969 1970 1970 1968 1969 1970 1970 
100 100 100 100 100 100 100 100 100 100 
99 103 102 102 98 101 100 100 104 101 
98 103 105 100 97 101 96 96 98 97 
94 96 103 98 89 97 95 94 97 95 
98 98 93 98 99 97 96 94 100 97 
95 96 94 98 89 94 98 94 98 97 
87 91 95 97 84 92 99 90 88 92 
101 100 94 102 100 99 94 96 97 96 
90 97 101 101 89 97 97 89 103 96 
97 97 97 100 88 95 95 95 93 94 
93 97 90 94 96 93 100 100 100 100 
94 94 88 98 87 91 92 91 84 89 
85 90 95 86 65 82 89 86 80 85 
101 99 95 100 100 98 100 92 105 99 
90 98 96 99 90 95 97 94 91 94 
90 94 93 94 83 90 93 96 88 92 
92 97 98 95 100 98 104 97 100 100 
91 94 93 96 96 95 94 95 95 95 
84 88 87 91 74 84 93 87 82 87 
92 97 88 98 92 93 94 98 99 97 
91 94 88 93 89 90 86 91 81 86 
92 91 88 88 70 82 85 87 78 83 
100 95 91 98 108 99 86 92 100 93 
90 97 90 92 80 87 92 82 90 88 
79 84 81 84 67 77 82 91 72 82 
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Appendix Table 4. Mean squares from the analysis of variance 





Dpa DP 1969 1970 Combined 
Years (Y) 1 1210405** 
Replications 2 4 3472 3178 3326 
Row spaclngs (S) 1 1 329079* 1001744** 1239556** 
Y X S 1 91260* 
Error (a) 2 il. 4460 10688 7574 
Varieties (V) 1 1 653870** 11368 246402** 
Y X V 1 418836** 
S X V 1 1 29768* 54272** 82214** 
Y X S X V 1 1826 
Error (b) 4 8 2890 1661 2276 
Treatments (T) 9 9 28275** 75666** 96788** 
S X T 9 9 4486* 3780 2721 
V X T 9 9 2398 4695 4185 
S X V X T 9 9 2466 1810 1226 
Y X T 9 7154* 
Y X S X T 9 5545 
Y X V X T 9 2908 
Y X S X V X T 9 3052 
Error (c) 72 144 2241 3581 2911 
CV {%) 4.8 7.0 5.8 
A^pplies to individual analyses for I969 and 1970. 
A^pplies to the combined analysis (1969-1970), 
*, **Significant at the O.O5 and 0.01 probability levels, 
respectively. 
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Appendix Table 5* Mean maturity data (days after August 31)^  
for 102 and 51 cm row spacings In I968, 
1969, 1970 and 1968-1970 combined 




i % )  C f o )  Stage 102 51 102 51 102 51 102 51 
1968 1969 1970 1970 
0 0 1,3,5 24 26 20 19 14 15 19 20 
0 25 1 24 26 20 19 14 15 19 20 
3 24 25 20 19 14 15 19 20 
5 24 24 19 18 13 16 19 19 
Mean 24 25 20 19 14 15 19 20 
0 20 1 26 26 22 21 15 16 21 21 
3 25 26 20 21 15 16 20 21 
5 24 26 20 19 15 15 20 20 
Mean 25 26 21 20 15 16 20 21 
25 0 1 24 25 20 20 13 16 19 20 
3 25 26 19 19 13 15 19 20 
5 24 25 19 18 13 l4 19 19 
Mean 24 25 19 19 13 15 19 20 
50 0 1 24 25 20 21 14 16 19 21 
3 25 25 20 19 14 16 20 20 
5 25 24 18 18 14 15 19 19 
Mean 25 25 19 19 14 16 19 20 
25 25 1 25 26 22 21 15 16 21 21 
3 26 25 22 20 16 17 21 21 
5 25 25 21 18 15 16 20 20 
Mean 25 25 22 20 15 16 21 21 
25 50 1 23 26 20 20 14 15 19 20 
3 24 25 21 19 14 15 20 20 
5 23 24 20 18 13 14 19 19 
Mean 23 25 20 19 14 15 19 20 
L^SD = 1.4 - 1968 and I969; 1.2 - 1970; and 1.0 - I968-
1970 combined at 0.05 probability levels, respectively. 
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Appendix Table 5* (Continued) 
Mean maturity data 
Stand Stem 1968-
reduc- cut-
tion off 1968 1969 1970 1970 
{%) {%) Stage 102 5I 102 51 102 51 102 5I 
50 25 1 25 26 22 21 14 16 20 21 
3 25 25 21 19 15 16 20 20 
5 24 24 19 18 16 16 20 19 
Mean 25 25 21 19 15 16 20 20 
50 50 1 25 26 22 22 16 16 21 21 
3 25 25 22 20 16 18 21 21 
5 26 24 22 20 17 18 22 21 
Mean 25 25 22 21 16 16 21 21 
75D 5 22 20 15 16 18 18 
Appendix Table 6, Mean squares from the analyses of variance 
for maturity, lodging and height for I968, 




variation DP 1968 I969 1970 
Replications 2 9.03 0,71 2,42 
Row spacings (S) 1 44,44* 65.79** 98.89* 
Error (a) 2 8.12 0,30 2.16 
Varieties (V) 1 2105.78** 2477.13** 2363.04** 
S X V 1 22,83 5.98 23.36 
Error (b) 4 24,29 8,60 3.04 
Stage (D) 2 12.86** 58,80** 3.78* 
Reduction (R) 2 4.73 16,48** 13.95** 
Cut-off (C) 2 14,84** 78,61** 91.91** 
D X R 4 0,65 1,10 0.96 
D X C 0.69 3.55* 3.10* 
R X C k 1,68 1,00 8.27** 
D X R X C 8 0.89 1,81 1.34 
S X D 2 4.08 5.43* 2.39 
S X R 2 5.25* 3.78 1.97 
S X C 2 6,86** 1.24 2.97 
S X D X R 4 1.39 3.64* 0,42 
S X D X C 4 0,51 3.41* 0,16 
S X R X C 4 1,11 3.18 0.46 
S X D X R X C 8 2.33 1.12 2,03 
V x D  2 6,04* 12.15** 0,30 
V X R 2 0,67 4.17* 1,17 
V X C 2 1,67 12.17** 14.78** 
V X D X R 4 0,09 1,47 0,50 
V X D X C 4 0.74 0,29 0,48 
V X R X C 4 1.99 0.97 0.99 
V X D X R X C 8 1.79 0.55 0,35 
S X V X D 2 0,97 3.00 1.75 
S X V X R 2 0.93 0,28 5.36** 
S X V X C 2 1.76 5.39* 1.12 
S X V X D X R 4 0.68 0,17 0,31 
S X V X D X C 4 1.25 2,24 0,34 
S X V X R X C 4 1.25 1,92 1,26 
S x V x D x R x C  8 0,68 1.48 1.69 
Error (c) 208 1.42 1.42 1.02 
CV (^ ) 4.8 6,0 6.7 





1968 1969 1970 1968 1969 1970 
0.441** 0.197 0.019 309.48** 197.64 9.73 
0.193** 0.006 3.505 2483.34** 255.99 384,58 
0.031 0.057 0.531 2. 82 70.11 189.72 
3.382 1.114* 0.820 844.22 2085.44** 2583.96 
0,820 0.475 0.002 322.00 113.77 568.03 
1.289 0.140 0.383 357.04 70.07 392.03 
1,163** 2.924** 1.502** 228.93** 942.55** 1383.21** 
0.215** 0.011 0.490** 363.40** 1595.59** 607.01** 
O.O83 0.104 0.246* 227.86** 973.82** 663.10** 
0.171* 0.462** 0.026 39.25 183.37** 105,84* 
0.124 0.227* 0.178* 48,06 36.76 193.18** 
0.131 0.150 0.590** 72.66* 5.61 11,20 
0.038 0.021 0.034 8.65 14.27 37.32 
0.001 0.075 0.117 81.81* 0.36 65.21 
0.083 0.027 0.127 56.03 19.37 50.30 
0.194* 0.040 0.072 38.03 1.75 10.61 
0.009 0.078 0.117 22.52 5.72 28.46 
0.073 0.094 0.117 15.51 22.78 90.71* 
0.027 0.072 0.102 12.40 15.55 28,50 
0.020 0.107 0,106 31.78 13.44 39.20 
0.027 0.124 0.374** 0.46 56,08 45.84 
0.049 0.001 0,409** 92.96* 94.33* 35.28 
0.039 0.008 0.361** 44.72 92.57* 17.33 
O.O85 0,156 0,033 50.93 16.93 14.57 
0.116 0.147 0.123 5.04 49.01 18,79 
0.092 0,036 0.054 16.54 16.58 86,62 
0.045 0.074 0.019 3.27 13.56 28.00 
0.002 0.002 0.099 5.05 2.95 15.95 
0.127 0,002 0.002 23.63 22.92 4.36 
0.099 0.018 0.024 21.52 28.53 19.11 
0.087 0.036 0.020 47.39 8.09 18,81 
0.158* 0.162 0.163* 18.60 36.15 20.65 
0.035 0.020 0.127 5.11 9.94 53.94 
0.087 0.040 0.062 47.39 31.09 55.13 
0.061 0.073 0.060 27.31 25.75 35.54 
14.5 13.3 15.2 6.7 5.2 7.1 
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Appendix Table ?. Mean squares from the combined analyses of 
of variance (I968-I97O) for maturity, lodg­




DP Maturity Lodging Height 
Years (T) 2 7957.008** 15,322** 32218.98** 
Reps/Y 6 4.051 0.219 172.28 
Row spacing (S) 1 24,084* 0.612 712.21* 
X X S 2 92.521** 1.546* 1205.88** 
Error (a) 6 3.527 0,206 87.55 
Varieties (V) 1 6938.707** 4.813* 5254.53** 
S X V 1 2,083 0,806 322.65 
Y X V 2 3.983 0.251 129.48 
Y X S X V 2 25.040 0.245 340.58 
Error (b) 12 12,310 0.597 273.05 
Stage (D) 2 44.774** 5.252** 1919.54** 
Reduction (R) 2 10,439 0.373** 2323.39** 
Cut-off (C) 2 162.220** 0.188 1679.15** 
D X R 4 0.277 0.352** 236.54** 
D X C 4 0.918 0.358** 174.59** 
R X C 5,885** 0.233** 43.21 
D X R X C 8 3.010* 0.022 7.44 
S X D 2 11.232** 0.016 21.26 
S X R 2 3.392 0.057 109.61* 
S X C 2 7.985** 0.156 10,01 
S X D X R k 3.248* 0.102 10.28 
S X D X C 4 0.957 0.089 67.93 
S X R X C 4 2.224 0.023 18,40 
S X D X R X C 8 1.293 0.040 40.63 
V x D  2 8.810** 0.141 23.93 
V X R 2 4.970* 0.052 212,46** 
V X C 2 24.920** 0,202* 136,87** 
V X D X R 4 0,360 0.021 10.34 
V X D X C 4 0.334 0.196* 47.30 
V X R X C 4 0.527 0.012 46.40 
V X D X R X C 8 0.825 0.092 23.20 
S X V X D 2 0.676 0.039 0.35 
S X V X R 2 1.059 0.046 5.66 
S X V X C 2 5.336* 0.034 7.19 
Y X D 4 15.334** 0.168 * 322.55** 
Y X R 4 12.362** 0,172 121.28** 
Y X C 4 11.572** 0,123 93.15* 
Y X D X R 8 1.218 0.154* 45.96 
*,**Significant at 0.05 and 0,01 probability levels, 
respectively. 
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Appendix Table 7, (Continued) 
source of Mem squares 
variation DP Maturity Lodging Height 
Y X D X C 8 3.216* 0.086 51.71 
Y X R X C 8 2.537* 0.319** 22.13 
Y X D X R X c 16 0.514 0.035 26.40 
Y X S X D 4 0.336 0.088 63.06 
Y X S X R 4 3.802* 0.090 8.04 
Y X S X C 4 1.543 0.074 20.18 
Y X S X D X R 6 1.103 0.051 23.21 
Y X S X D X c 8 1.599 0.097 30.63 
Y X S X R X C 8 1.262 0.089 19.03 
Y X V X S 4 4.840** 0.192* 39.23 
Y X V X R 4 0.520 0.204*' 5.06 
Y X V X C 4 2.202 0.103 8.88 
Y X V X D X R 8 0.845 0.126 36.05 
Y X V X D X C 8 0.592 0.095 12.76 
Y X V X R X C 8 1.713 0.085 36066 
Y X S X V X D 4 2.522 0,032 12.30 
Y X S X V X R 4 2.756 0.043 22V63 
Y X S X V X C 4 1.469 0.054 30.48 
Error (c) 716 1.287 0,066 29.06 
CV {%) 5.7 14.4 6.2 
Appendix Table 8. Mean lodging scores® of Hawkeye and Hark averaged over row 
8pacings for 1968, 1969, 1970 and I968-197O combined 
Stand Stem Hawkeye Hark 
reduc­ cut­
tion off 1968- 1968-($) {%) Stage 1968 1969 1970 1970 1968 1969 1970 1970 
0 0 1,3.5 1.8 2.1 2.1 2.0 1.7 2.0 1.7 1.8 
0 25 1 1.7 2.2 2.0 2.0 1.8 1.5 1.8 1.7 
3 2.0 2.0 1.6 1.9 1.4 1.5 1.4 1.4 
5 1.6 2.0 1.5 1.7 1.4 1.5 1.4 1.4 
0 50 1 1.9 2.2 1.9 2.0 1.7 1.6 1.7 1.7 
3 1.9 2.2 1.5 1.9 1.7 1.6 1.7 1.7 
5 1. ? 1.9 1.4 1.7 1.5 1.5 1.5 1.5 
25 0 1 1.8 2.0 1.7 1.8 1.6 1.6 1.6 1.6 
3 1.9 2.2 1.8 2.0 1.7 1.5 1.7 1.6 
5 1.6 2.0 1.6 1.7 1.5 1.4 1.5 1.5 
50 0 1 2.0 2.1 1.5 1.9 1.6 1.5 1.6 1.6 
3 1.8 2.1 1.5 1.8 1.5 1.5 1.5 1.5 
5 1.8 1.8 1.5 1.7 1.4 1.5 1.5 1.5 
25 25 1 1.9 2.3 1.7 2.0 1.6 1.6 1.6 1.6 
3 1.9 2.1 1.4 1.8 1.5 1.5 1.5 1.5 
5 1.6 1.9 1.5 1.7 1.5 0.5 1.5 1.5 
&L8D = 0.3 - 1968, 1969 and I97O; and 0.2 - I968-7O at O.O5 probability 
level , respectively. 
Appendix Table 8. (Continued) 
?edSc- ouïï Hawkeye 
tion off 1968- 1968-
{%) {%) Stage 1968 1969 1970 1970 1968 1969 1970 1970 
25 50 1 2.0 2.4 1.8 2.1 1.6 1.6 1.6 1.6 
3 1.9 2.1 1.5 1.8 2.0 1.7 2.0 1.9 
5 1.7 1.9 1.3 1.6 1.5 1.5 1.4 1.5 
50 25 1 1.9 2.4 1.8 2.0 1.8 1.5 1.8 1.7 
3 1.9 2.0 1.5 1.8 1.5 1.6 1.5 1.5 
5 1.6 1.7 1.5 1.6 1.4 1.5 1.4 1.4 
50 50 1 1.8 2.5 2o0 2.1 1.6 1.9 1.6 1.7 
3 i06 2.2 1.6 1.8 1.5 1.6 1.5 1.5 
5 1.5 1.8 1.3 1.5 1.3 1.6 1.3 1.4 
75d 5 2.0 1.4 1.9 1.3 
Appendix Table 9, Mean plant height (cm)* for Hawkeye and Hark, 1968, I969, 










1968 1969 1970 
1968-
1970 1968 1969 1970 
1968-
1970 
0 0 1.3.5 84 107 91 94 79 100 85 88 
0 25 1 80 106 89 92 76 98 85 86 
3 83 103 92 93 76 98 84 86 
5 77 105 85 89 72 96 83 84 
0 50 1 82 105 93 93 78 96 79 84 
3 84 100 86 90 80 98 79 86 
5 77 98 83 86 75 91 78 81 
25 0 1 82 106 92 93 77 100 84 87 
3 82 102 91 92 76 93 83 84 
5 79 105 90 91 77 95 78 83 
50 0 1 80 105 90 92 76 99 84 86 
3 77 94 87 86 76 92 82 83 
5 82 97 80 86 75 90 80 82 
25 25 1 83 105 92 93 77 98 84 86 
3 84 100 88 91 78 94 79 84 
5 78 101 86 88 75 95 81 84 
&LSD = 5 cm - 1961, 1969; 9 cm - 1970; and 5 cm - I968-I97O at 0.05 
probability level , respectively* 
Appendix Table 9. (Continued) 
Stand Stem _ , __ , 
reduo cut- Hawkeye Hark 
tion off 1968- 1968. 
(^ ) {%) Stage 1968 1969 1970 1970 1968 1969 1970 1970 
25 50 1 80 102 92 91 74 95 86 85 
3 79 93 83 85 77 94 84 85 
5 7u- 94 76 81 74 90 74 79 
50 25 1 76 103 89 89 79 95 82 85 
3 74 92 84 83 76 90 79 82 
5 76 92 81 83 72 89 76 79 
50 50 1 74 99 89 87 76 95 87 86 
3 76 84 80 80 76 87 72 78 
5 73 86 70 76 71 88 71 77 
75d 5 96 82 88 76 
Appendix Table 10. Average plant height (cm)* for 
1968, 1969. 1970 and 1968-1970 
102 and 5I , 
combined 








(^ ) stage 
1968 1969 1970 
1968. 
1970 
102 51 102 51 102 51 102 51 
0 0 1,3,5 77 86 103 104 89 87 90 92 
0 25 1 76 80 102 102 85 89 88 90 
3 77 82 99 102 89 87 88 90 
5 72 77 98 104 83 85 84 89 
Mean 75 80 100 103 86 87 87 90 
0 50 1 76 84 97 103 88 84 87 90 
3 76 88 97 100 82 83 85 90 
5 7^  78 94 94 81 80 83 84 
Mean 75 83 96 102 84 82 85 88 
25 0 1 77 82 103 103 86 89 89 91 
3 78 81 97 98 89 84 88 88 
5 75 80 100 101 86 83 87 88 
Mean 77 81 100 101 87 85 88 89 
50 0 1 78 82 101 102 90 86 90 90 
3 77 85 97 97 88 79 87 87 
5 78 76 98 98 83 84 86 86 
Mean 78 81 99 99 87 83 88 88 
®'LSD = 6 cm - 1968 and 1969; 7 cm - 1970s and 5 cm - I968-I97O combined at 
0.05 probability level , respectively. 
Appendix Table 10. (Continued) 
Stand Stem I968-
tlo^ " off" 1968 1969 1970 1970 
(%) (#) Stage 102 51 102 5I 102 51 102 51 
25 25 1 74 80 98 99 89 89 87 89 
3 75 81 92 96 87 80 85 86 
5 72 77 92 92 78 72 81 80 
Mean 74 79 94 96 85 80 84 85 
25 50 1 73 82 100 103 86 88 86 91 
3 74 78 93 9i|. 87 82 85 85 
5 76 81 91 96 79 81 82 86 
Mean 74 80 95 98 Qk 84 84 87 
50 25 1 74 81 96 102 86 85 85 89 
3 73 78 91 91 86 78 83 82 
5 73 75 89 92 80 77 81 81 
Mean 73 78 92 95 84 80 83 84 
50 50 1 74 76 97 97 93 83 85 85 
3 72 80 84 87 74 77 77 81 
5 71 73 83 86 73 68 78 72 
Mean 72 76 90 90 80 76 80 84 
75d 5 91 93 78 80 
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Appendix Table 11. Analysis of variance mean squares for 




variation DP® DP^  1969 1970 
1969-1970 
combined 
Years (Y) 1 2570675** 
Reps 2 4 10435 340 5387 
Dates (D) 1 1 4444870** 344846** 3632914** 
Y X D 1 1156796** 
Error (a) 2 4 40222 3224 21722 
Varieties (V) 4 4 182780** 431454** 543553** 
Y X V 4 70680** 
D X V k 4 152539** 176492** 320393** 
Y X D X V 4 8638 
Error (b) 16 32 9117 2639 5878 
Stage (S) 2 2 382479** 341706** 721469** 
Treatments (T) 3 3 703390** 678679** 1369117** 
S X T 6 6 87407** 588II** 144403»* 
D X 8 2 2 53863** 27812** 67492** 
D X T 3 3 8926** 8014** 2208 
D X S X T 6 6 7736** 5262** 10277** 
V X S 8 8 5268* 3701* 6057** 
V X T 12 12 5096** 3257* 5530** 
V X S X T 24 24 3113* 2351 2520 
D X V X S 8 8 2470 2339 3261 
D X V X T 12 12 1725 3025* 2445 
D X V X S X T 24 24 2169 3065** 3016 
Y X S 2 2716 
Y X T 3 12951** 
Y X S X T 6 1814 
Y X D X S 2 14183** 
Y X D X T 3 14733** 
Y X D X S X T 6 2721 
D^egrees of freedom for individual analysis of I969 and 
1970. 
D^egrees of freedom for combined analysis of 1969 and 
1970. 
*,**Significant at O.O5 and 0,01 probability levels, 
respectively. 
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Appendix Table 11. (Continued) 
Mean squares 
Source of I969-I97O 
variation DF® DP" I969 1970 combined 
Y X V X S 8 2913 
Y X V X T 12 2823 
Y X V X S X T 24 2944 
Y X D X V X S 8 1549 
Y X D X V X T 12 2305 
Y X D X V X S X T 24 2218 
Error (c) 220 440 2211 1530 1869 
Total 359 719 
CV {%) 5.8 5.6 5.7 
Appendix Table 12. Mean yield performance (kg/ha)^  of the 






1969 1970 Mean 1969 1970 Mean 
Allt Check 3336 3000 3168 3507 2806 3156 
R1 25c 3216 2929 3072 3420 2725 3072 
50c 3232 2764 2998 3400 2625 3012 
75D 3068 2651 2860 3332 2541 2936 
R2 25c 3294 2687 2990 3371 2577 2974 
50c 2993 2422 27O8 3474 2496 2985 
75D 2842 2409 2626 3158 2351 2754 
E3® 25c 2654 2451 
50c 2244 2170 
75D 2777 2438 2608 3042 2083 2562 
E4 25c 3210 2658 2934 3232 2548 2890 
50c 2638 2147 2392 2848 2089 2468 
75D 2296 1966 2131 2393 1886 2140 
R5® 25c 2603 2716 
50c 2176 2196 
75D 1963 1773 
L^SD = 242 kg/ha - I969; 203 kg/ha - I97O; I58 kg/ha -
1969-1970 at 0.05 probability level, respectively. 
A^verage of checks included for each stage treated. 
°LSD does not apply. 
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Chippewa 64 Harosoy Harosoy Dt 0 
1969 1970 Mean 1969 1970 Mean 1969 1970 Mean 
2758 2076 2417 3404 2826 3115 3316 2829 3072 
2916 1896 2406 3342 2806 3074 3342 2541 2942 
2599 1728 2164 3336 2499 2918 3245 2432 2838 
2558 1792 2175 3213 2696 2954 3064 2535 2800 
2516 1611 2064 3481 2603 3042 3181 2696 2938 
2535 1443 1489 3248 2122 2685 2771 2115 2443 
2402 1314 1858 3006 2457 2732 2729 2060 2394 
1566 2525 2428 
1363 2076 1934 
2406 1376 I89I 2829 2248 2538 2444 1999 2222 
2525 1563 2044 3016 2422 2719 2784 2386 2585 
2005 1192 1598 2670 1938 2304 2409 1941 2175 
1550 1027 1288 2412 1728 2070 1740 1479 1610 
1689 2599 2464 
1540 1921 2225 
1237 1950 1915 
Appendix Table 13, Mean yields (kg/ha)^  of the five varieties grown in date 2, 
Experiment II, I969 and 1970 
Stage of development 
Treat­
ment 
R1 R2 R4 









































































































































































































L^SD = 242 kg/ha - 1969; 203 kg/ha - 1970; 158 kg/ha - 1969-1970 mean; at 0.05 
probability level, respectively. 
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Appendix Table 14. Analysis of variance®- for the amount of 
leaf area remaining on the plant after 
defoliation, I969 
Source of 
variation DP Mean squares 
Varieties (7) 4 149** 
Persons (?) 1 1869** 
V X P 4 68 
Leaflet type (T) 1 6881** 
V X T 4 44 
P X T 1 359** 
V X P X T 4 424** 
Leaves (L)/T 28 37 
L/V X T 112 36 
L/P X T 28 35 
L/V X P X T 112 41 
•^Subsamples L/T, L/T X T, L/P X T, L/V X P X T were 
compared for homogeneity and pooled to serve as the error mean 
square for testing main effects. 
*,**Significant at O.O5 and 0.01 probability levels, 
respectively. 
Appendix Table 15. Average maturity date of checks (days 
after August 21)& and days deviation from 
the check for treatment of the five varie­





ment 1969 1970 Mean 1969 1970 Mean 
Allb Check 23 19 21 16 12 14 
R1 25c 0 0 0 M 1 0 0 
50c 0 0 0 0 + 1 0 
75D 0 + 1 0 + 2 + 2 + 2 
R2 25c 1 - 1 - 1 0 0 0 
50c 0 + 1 0 + 1 + 1 + 1 
75D + 1 + 1 + 1 + 1 + 2 + 2 
R3® 25c MM 0 MM .M 0 MM 
50c - 1 «M - 1 — 
75D 0 - 1 0 + 1 + 1 + 1 
R4 25c - 2 0 - 1 1 0 0 
50c - 2 0 - 1 0 + 1 0 
75D - 2 0 - 1 - 1 + 1 0 
R5° 25c MM 0 mm wm + 1 am ^  
50c MM - 1 MM - 1 MM 
75D MM 0 MM - 1 MM 
L^SD = 1 day - 1969; 2 days - 1970; and 1 day for I969 
1970 mean, at 0.05 probability level, respectively, 
A^verage of checks included for each stage treated. 
®LSD does not apply to 1970 data. 
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Chippewa 64 Harosoy Harosoy Dtp 
1969 1970 Mean I969 1970 Mean I969 1970 Mean 
8 k 6 17 16 16 15 14 14 
+ 1 - 1 0 0 - 1 0 0 - 1 0 
0 0 0 + 2 - 1 0 + 1 0 0 
+ 1 0 0 + 1 0 0 + 1 0 0 
0 - 1 0 0 0 0 0 - 1 0 
- 1 0 0 + 1 - 1 0 - 1 0 0 
0 - 1 0 + 2 0 + 1 + 1 0 0 
2 - 1 MM MM 0 MM 
2 — - - 2 MM MM - 1 MM 
0 1 0 0 - 1 0 0 - 1 0 
+ 1 0 0 0 - 1 0 0 - 1 0 
0 0 0 - 1 + 1 0 - 1 - 1 - 1 
- 3 - 3 - 3 - 1 0 0 - 2 0 - 1 
0 MM 0 MM MM - 1 ... 
— —  0 MM - 1 MM MM - 1 MM 
Appendix Table 16. Average maturity date (days after August 31)^  and days deviation 
from the check for treatents of the five varieties in date 2, 
Experiment II, I969 and 1970 




R1 R2 a4 
1969 1970 Mean 1969 1970 Mean 1969 1970 Mean 
Hawkeye Check 31 32 32 31 32 32 31 32 32 
25c 0 0 0 + 1 0 0 + 1 + 1 + 1 
50c + 1 - 1 0 0 0 0 0 + 1 0 
75D 0 - 1 0 + 1 0 0 - 1 0 0 
Hark Check 28 25 26 28 25 26 28 25 26 
25c + 1 - 1 0 0 - 1 0 - 1 1 0 
5OC + 1 + 1 + 1 + 1 + 1 + 1 0 0 0 
75D + 1 + 3 + 2 0 
!• 
0 0 
- 3 - 1 - 2 
Chippewa 64 Check 21 19 20 21 19 20 21 19 20 
25c 0 - 1 0 + 1 0 0 + 1 0 0 
50C 0 0 0 •+ 1 0 0 - 1 - 1 - 1 
75D + 2 - 1 0 + 1 - 1 0 - 2 M 2 - 2 
Harosoy^  Check 29 mm tm MM 29 mmmm M M 29 MM 
25c 0 mi', mm —' — 1 MM MM 0 MM MM 
5OC + 1 -m — 0 MM MM - 1 MM 
75D + 1 -- 0 - MM M 2 MM MM 
Harosoy Dt^  Check 28 28 28 28 28 28 28 28 28 
6 25c 0 - 2 - 1 0 - 1 0 0 - 2 - 1 
5OC 0 - 2 - 1 0 - 1 0 - 1 0 0 
75D -
- 3 - 2 + 1 - 2 0 " 2 - 3 - 2 
L^SD = 1 day - I969; 2 days - 1970 and 1 day for 1969-I970 mean at 0.05 
probability level, 
^^ t^a were not taken in 1970. 
Appendix Table 1?. Mean lodging scores^  for the five varie­
ties in date 1, Experiment II, I969 and 
1970 
Treat- Hawkeye Hark 
Stage ment 1969 1970 Mean 1969 1970 Mean 
All^  Check 2.1 2.0 2.1 1.9 1.3 1.6 
R1 25c 2o0 1.9 2.0 2.1 1.3 1.7 
50c 2.3 1.5 1.9 2.2 1.3 1.8 
75D 2.1 1.6 1.8 2.1 1.4 1.8 
R2 25c 2.1 1.6 1.8 2.1 1.3 1.7 
50c 2.2 1.5 1.8 2.2 1.4 1.8 
75D 2.1 1.6 1.8 1.9 1.3 1.6 
R3° 25c M «M 1.8 mm am mm mm 1.4 
50c — —  1.3 — — 1.3 —  —  
75D 2.3 1.7 2.0 1.9 1.1 1.5 
R4 25c 2.1 2.0 2.0 1.9 1.3 1.6 
50c 2.3 1.6 2.0 1.8 1.3 1.6 
75D 1.9 1.4 1.6 1.7 1.1 1.4 
R5® 25c 2.1 wm. ^mm 1.4 «•«M 
50c — —  2.0 1.2 — — 
75D 1.5 1.2 
L^SD = 0.4 for 1969 and 1970; 0.3 for 1969-1970 mean at 
0.05 probability level. 
A^verage of checks included for each stage treated, 
°LSD does not apply. 
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Chippewa 64 Harosoy 
1969 1970 Mean I969 1970 Mean 
Harosoy Dtp 
1969 1970 Mean 
2.3 1.6 2.0 2.4 2.3 2.4 1.9 2.1 2.0 
2.2 1.6 1.9 2.2 2.1 2.2 2.0 1.9 2.0 
2.2 1.5 1.8 2.2 1.6 1.9 1,6 1.8 1.7 
2.1 1.5 1.8 2.0 2.1 2.0 1.6 1.6 1.6 
1.9 1.4 1.6 2.2 1.9 2.0 1.7 2.0 1.8 
2.2 1.5 1.8 2.1 1.6 1.8 1.4 1.4 1.4 
2.1 1.4 1.8 2.4 1.6 2.0 1.5 1.4 1.4 
mmmm 1.4 mmmm mmmi 2.1 m»wm 1.6 mmmm 
— 1.4 — — mm mm 1.6 1.6 
1.8 1.4 1.6 2.0 1*4 1.7 1.4 1.2 1.3 
2.2 1.5 1.8 2.4 1.9 2.2 1.9 2.0 2.0 
1.9 1.6 1.8 2.3 1.7 2.0 1.7 1.5 1.6 
1.3 1.3 1.3 2.1 1.2 1.6 1.4 1.3 1.4 
MM 1.5 2.3 mm M 1.9 _ _ 
— 1.5 — 1.9 — — 2.3 — 
— 1.4 — 1.7 — 1.5 - -
Appendix Table 18. Mean lodging scores®' for the five varieties in date 2; 
Experiment II, 1969 and 1970 
Stage of development 
Treat-  ^ 22 & 






Check 2,2 3.5 2.8 2.2 3.5 2.8 2.2 3.5 2.8 
25c 2.2 2.6 2.4 2.2 3.2 2.7 2.0 3.5 2.8 
50c 2.2 2.4 2.3 2.2 2,4 2.3 2o2 3.2 2.7 
75D 2.6 2.3 2.4 2.5 2,2 2.4 1.8 2.8 2.3 
Check 1.9 2.8 2.4 1.9 2.8 2.4 1.9 2.8 2.4 
25c 1.9 2.4 2.2 1.9 2,4 2.2 1.8 2.7 2.2 
5OC 1.8 2.2 2,0 1.7 2,2 2.0 1.9 2,6 2.2 
75D 1.8 2.3 2.0 1.7 2.3 2.0 1.4 2.0 1.7 
Check 2.1 2.9 2.5 2.1 2.9 2.5 2.1 2.9 2.5 
25c 1.9 2.3 2.1 2.1 2.7 2.4 2.0 2.9 2.4 
50c 1.7 2.2 2.0 2.0 2.2 2.1 1.9 3.0 2.4 
75D 2.0 2.2 2.1 2.0 2.1 2.0 2,1 2,1 2.1 
Check 2.6 3.8 % a. 2.6 3.8 3.2 2,6 3.8 3.2 
25c 2.4 3.0 2.7 2.3 3.2 2.8 2.7 3.5 3.1 
5OC 2.3 2.7 2.5 2.3 2.6 2.4 2.4 3.4 2.9 
75D 2.2 2.8 2.5 2.3 2.8 2.6 1.9 3.0 2.4 
Check 2.2 3.4 2,8 2.2 3.4 2.8 2.2 3.4 2.8 
25c 2.1 2.6 2,4 1.8 2,9 2.4 2.1 3.8 3.0 
5OC 2.0 2.6 2.3 1.7 2.3 2.0 1.8 3.1 2.4 
75D 2.0 2.8 2.4 1.7 2.6 2.2 1.7 3.3 2.5 
L^SD = 0.4 for 1969 and 1970; 0.3 for 1969-1970 means at O.O5 probability 
level. 
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Appendix Table I9, Analysis of variance mean sqaures for 
lodging in Experiment II for I969, 1970 
arid 1969-1970 combined 
Mean squares 
Source of 1969-1970 
variation DP^  DP I969 1970 combined 
Years (Y) 1 5.85* 
Reps 2 4 1.26 0.05 0.65 
Dates (D) 1 1 0.06 126.85* 66.19** 
Y X D 1 60.73** 
Error (a) 2 4 0.18 2.30 1.24 
Varieties (V) 4 4 2.83** 4.32** 6.24** 
Y X V 4 1.91** 
D X V 4 4 0.49* 
1—1 CM 0
 0.57 
Y X D X V 4 0.13 
Error ( b )  16 32 0.12 0.37 0.25 
Stage (S) 2 2 0.27* 0.80** 0.35** 
Treatments (T) 3 3 0.81** 6.29** 5.71** 
S X T 6 6 0.31** 0.52** 0.57** 
D X S 2 2 0.04 1.76** 1.13** 
D X T 3 3 0.08 0.48** 0.33** 
D X S X T 6 6 0.02 0.29** 0.16* 
V X S 8 8 0.11* 0.17* 0.15* 
V X T 12 12 0.14»* 0,28** 0.25** 
V X S X T 24 24 0.04 0.06 0.05 
D X V X S 8 8 0.08 0.09 0.07 
D X V X T 12 12 0.06 0.11 0.07 
D X V X S X T 24 24 0.08 0.06 0.04 
Y X S 2 0.73** 
Y X T 3 1.39** 
Y X S X T 6 0.25** 
Y X D X S 2 0.67** 
Y X D X T 3 0.24* 
D^egrees of freedom for individual analyses of I969 and 
1970. 
degrees of freedom for combined analysis of I969 and 
1970. 
*,**Significant at O.O5 and 0.01 probability levels, 
respectively. 
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Appendix Table I9. (Continued) 
Mean squares 
Source of 
variation DP» DP'b 1969 1970 
1969-1970 
combined 
Y X D X S X T 6 0.14 
Y X V X S 8 0.13* 
Y X V X T 12 0.16** 
Y X V X S X T 24 0.05 
Y X D X V X S 8 0.11 
Y X D X V X T 12 0.10 
Y X D X V X S X T 24 0.09 
Error (c) 220 440 0,06 0.06 0.06 
Total 359 719 
CV (^ ) 12.3 11.9 11.9 
Appendix Table 20. Mean plant height (cm)®" of the five varie 




Stage ment 1969 1970 Mean 1969 1970 Mean 
Allb Check 98 89 94 94 83 88 
HI 25c 99 87 93 95 78 86 
50c 94 88 91 94 76 85 
75D 98 87 92 84 76 80 
R2 25c 98 87 92 91 75 83 
50c 96 85 90 97 75 86 
75D 99 81 90 91 76 84 
R3° 25c mm mm 85 mm MM mm —» 78 mmmm 
50c —  —  82 —  —  72 wmmm 
75D 94 84 89 86 74 80 
R4 25c 103 89 96 96 81 88 
50c 98 80 89 92 72 82 
75D 93 87 90 91 71 81 
R5® 25c 87 ## mm 83 
50c 87 —  —  79 — —  
75D — — 85 — — —  —  79 —  -
•^LSD = 7 cm - 1969 and 1970; and 5 cm for I969-I97O mean 
at 0.05 probability level, respectively. 
A^verage of checks included for each stage treated, 
°LSD does not apply. 
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Chippewa 64 Harosoy Harosoy Dt^  
1969 1970 Mean I969 I97O Mean I969 1970 Mean 
88 70 79 104 86 95 81 77 79 
87 74 80 101 82 92 81 79 80 
85 73 79 98 85 92 75 73 74 
86 71 78 97 82 90 70 70 70 
84 69 76 101 86 94 75 74 74 
88 71 80 99 76 88 77 69 73 
81 63 72 94 84 89 70 68 69 
72 ## tm 83 •MM 75 M aw 
— — 70 —  —  79 MM* 72 — — 
79 65 72 91 80 84 66 66 66 
87 66 76 95 84 90 83 75 79 
84 66 75 98 80 89 81 76 78 
79 60 70 99 77 88 77 74 76 
70 MP MM 84 »mmm 78 MO 
— —  66 — —  77 «••M •WW 78 MM 
—  —  71 — - 87 — — 80 — —  
Appendix Table 21. Mean plant height (cm)®' for the five varieties in date, Ex­
periment II, 1969 and 1970 




r1 r2 r4 
1969 1970 Mean 1969 1970 Mean 1969 1970 Mean 
Hawkeye Check 92 101 96 92 101 96 92 101 96 
25c 84 96 90 87 93 90 88 100 94 
50c 84 90 87 86 94 90 82 92 87 
75d 81 88 84 76 90 83 87 90 88 
Hark Check 86 99 92 86 99 92 86 99 92 
25c 83 93 88 81 90 86 81 96 88 
50c 78 91 84 77 92 84 79 94 86 
75d 72 81 76 74 86 80 74 90 82 
Chippewa 64 Check 78 93 86 78 93 86 78 93 86 
25c 78 92 85 78 91 84 73 87 80 
50c 78 87 82 77 90 84 92 85 78 
75d 74 86 80 70 83 76 79 85 82 
Harosoy Check 90 101 96 90 101 96 90 101 96 
25c 89 102 96 89 98 94 89 101 95 
50c 88 94 91 87 97 92 87 97 92 
75d 79 90 84 83 91 87 '93 100 92 
Harosoy Dt2 Check 81 94 88 81 94 88 81 94 88 
25c 81 96 88 74 90 82 77 93 85 
50c 75 89 82 73 87 80 72 90 81 
75d 70 80 75 69 87 78 73 86 80 
•^LSD = 7 cm - 1969 and 1970; and 5 cm for 1969-1970 mean at 0,05 probability 
level, respectively# 
Appendix Table 22. Analysis of variance mean squares for plant height in 
Experiment II, 1969, 1970 and 1969-1970 combined 
Mean squares 
Source of 
variation DPA DP"b 1969 1970 
1969-1970 
combined 
Years (Y) 1 16.80 
Reps 2 1.88 61.92 31.90 
Dates (D) 1 1 8575.02* 19906.26** 1175.56 
Y X D 1 27305.73** 
Error (a) 2 4 312.79 53.62 183.20 
Varieties (V) 4 4 3735.70** 1889.90** <248.07** 
Y X V 4 377.53** 
D X V 4 356.65** 319.35** 439.70** 
Y X D X V 4 236.29** 
Error (b) 16 32 21.33 62.39 41.86 
Stage (S) 2 2 8.93 35.51 30.22 
Treatments (T) 3 3 1015.58** 1064.84** 2062.63** 
S X T 6 6 29.10 15.98 41.05* 
D X S 2 2 9.64 149.00** 42.07 
D X T 3 3 67.37** 68.09** 127.40** 
D X S X T 6 6 15.95 23.98 17.68 
V X S 8 8 30.76* 54.44** 77.46** 
V X T 12 12 13.91 18.83 21.52 
D^egrees of freedom for individual analyses of I969 and 1970. 
degrees of freedom for combined analysis of I969 and 1970. 
*,**Significant at 0,05 and 0.01 probability levels, respectively. 
Appendix Table 22. (Continued) 
Mean squares 
Source of I969-I970 
variation DP^  DF° I969 1970 combined 
V X S X T 24 24 15.89 17.86 22.85 
D X V X S 8 8 11.77 17.62 20.13 
D X V X T 12 12 26.92* 16,52 28.23 
D X V X S X T 24 24 21.84 19.92 15.18 
Y X S 2 14.22 
Y X T 3 17.79 
Y X S X T 6 3.04 
Y X D X S 2 116.58** 
Y X D X T 3 8.06 
Y X D X S X T 6 32.25 
Y X V X S 8 7.74 
Y X V X T 12 11.22 
Y X V X S X T 24 10.90 
Y X D X V X S 8 9.27 
Y X D X V X T 12 15.22 
Y X D X V X S X T 24 26.59 
Error (c) 220 440 17.34 16.66 17.00 
Total 359 719 
cv (%) 4.9 4.8 4.8 
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Appendix Table 23» Mean seed size^  (g/100 whole seeds) for 
treatments imposed on Hawkeye and Hark 




cut- Hawkeye Hark U XUxI 01 X (^) (^) stage 102 51 Mean 102 51 Mean 
0 0 1,3,5 19.8 19.2 19.5 17.6 17.0 17.3 
0 50 1 19.6 18.9 19.2 17.5 17.6 17.5 
25 0 18.3 18.0 18.1 17.1 17.9 17.5 
50 0 19.8 18.0 18.9 16.8 16.1 16.4 
50 50 19.6 17.6 18.6 16.0 16,4 16.2 
0 25 3 20.0 18.1 19.1 17.0 17.6 17,3 
0 50 18.4 18.2 18.3 16.8 17.1 17.0 
25 0 20.0 19.0 19.5 17.0 16,6 16.8 
50 0 18.2 17.3 17.8 15.9 16.5 16.2 
50 50 17.9 17.4 17.7 15.8 14.6 15.2 
0 25 5 20.2 19.4 19c 8 l6o9 17.4 17.2 
0 50 19.3 16.8 18.1 17.4 17.9 17.6 
25 0 19.5 18.6 19.0 17.0 17.9 17.4 
50 0. 18.3 18.0 18.2 16.0 17.0 16.5 
50 50^  — — 16.9 - - 16.1 16.7 16.4 
LSD® 1.2 1.2 0.9 1.4 1.4 1.0 
•^Measurements of 2 replications only. 
Values for Hawkeye 102 cm, 51 cm and Mean were excluded 
from calculations of LSD. 
C^alculated at 0.05 probability level. 
